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SUMMARY.
A method was developed for monitoring the growth of a range of bacteria 
and fungi in the Bactometer 32 impedimeter. 195 yeast strains, 74 strains of 
mould and 20 strains of bacteria were screened for sensitivity to 1 pg ml-1 of 
T-2 toxin. Growth inhibition was assessed impedimetricaliy. Twelve bacteria,
20 moulds and 38 yeast strains were tested against roridin A, verrucarin A, 
deoxynivalenol, and diacetoxyscirpenol each at 1 pg ml"1. Deoxynivalenol was 
found to be only slightly toxic. Roridin A and verrucarin A -were markedly more 
toxic than the others to the fungi, but not to the bacteria.
Four microorganisms (Bacillus subtilis, Candida albicans, Hansenula 
fabianii and Pichia burtonii1) were selected for further study. No obvious 
pattern of response could be discerned for the effects of different 
carbohydrates on microbial sensitivity to T-2 toxin. The effects of T-2 toxin
on B. subtilis and C. albicans were greater if chloroform rather than 
dichloromethane and methanol (95:5, v/v) was used as the toxin carrying solvent, 
the reverse was true for H. fabianii and P. burtonii. Dose-response curves were 
constructed, based on impedimetric responses, and no-effect levels were 
determined for each species. For B. subtilis the no-effect level was 
0.35 pg ml-1, for C. albicans it was 0.40 pg ml-'1, for H. fabianii it was
0.012 pg ml-1 and for P. burtonii it was 0.018 pg ml"1 .
H. fabianii was selected for further studies. This strain was found to be
auxotrophic for proline. The effect of T-2 toxin and verrucarin A on the 
uptake of radiolabelled proline in H. fabianii cultures was studied. Dose- 
response curves were constructed for each toxin. It was found that both toxins 
reduced proline uptake in a dose dependent manner, the no-effect levels were 
0.025 pg ml-1 for T-2 toxin and 0.0125 pg ml"1 for verrucarin A.
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PART 1.
GENERAL INTRODUCTION.
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Man has always had an important, if largely unappreciated relationship 
with microorganisms. Many of the ailments and afflictions that affect people 
in the course of their lives, ranging from the niggling colds and stomach 
complaints to the fatal diseases that still kill millions around the world are 
caused by the activity of microorganisms. In the middle ages the "Black Death" 
swept across Europe stirring up panic and terror in its advance. The plague 
gripped the minds of the people to such an extent that it inspired great works 
of art, the most notable of which was probably Boccaccio’s Decameron. At the 
time the microbial origins of disease were not known, it is only over the last 
three hundred years, since the pioneering work of Antony van Leewenhoek, that 
scientists have started to appreciate the extent and complexity of mans 
relationship with the microbial world. In retrospect it can be seen that 
microorganisms have played an important role in human history, not just in the 
case of bubonic plague but in numerous other instances too. The Irish potato 
famine was caused by a fungal disease Phvtophthora inf'estans, which wiped out 
the potato crop. As the potato was the staple diet of the Irish peasantry, its 
loss resulted in large scale starvation and led to mass migration. Today plant 
diseases are responsible for huge crop losses all over the world. The need to 
combat human, animal and plant diseases has given birth to a whole industry. 
Some of the worlds largest companies such as I.C.I. and Ciba-Geigy have grown 
through their activity in developing and marketing pharmaceuticals and 
agrochemicals.
During the course of this century a great deal has been learned' about the 
diversity of the microbial world. Scientists have come to appreciate to a 
greater degree than ever before that microorganisms can benefit man well as 
harm him. One of the great scientific breakthroughs of the century was the
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discovery of the anti bacterial effects of the mould Penicillium notatum. by 
Sir Alexander Flem.^ in 1929, and the subsequent isolation of penicillin by 
Florey and Chain. Their work eventually led to the industrial production of the 
first antibiotics during World War II. The discovery of penicillin was of 
enormous, importance because it brought to light the significance of microbial 
metabolites. In a sense it was odd that scientists did not appreciate the 
potential of fungal metabolites, as man had utilised the ability of yeasts to 
ferment alcohol for centuries if not millenia, and people all over the world 
have known and steered clear of poisonous mushrooms for just as long. So with 
the benefit of hindsight it can be seen that fungi are capable of producing 
widely different types of chemicals.
The diversity of fungal metabolic processes was further emphasised by the 
discovery of mycotoxins in the 1960’s (see section 2.2). It was realised as a 
consequence of studies into the effects of aflatoxins that mycotoxins may play 
an important role in human and animal disease. The discovery of other 
mycotoxins lent further weight to this fear. The trichothecenes are one of the 
groups of mycotoxins that have been found in foodstuffs. The history of 
trichothecenes is rather convoluted (see section 2.3) however it brings together 
two important aspects of the microbiologists interest in fungal metabolites, ie 
their potential as drugs and their role in disease. Trichothecenes were first 
isolated as potential antibiotics but in addition they were subsequently found 
to be toxic contaminants in foodstuffs. As a result trichothecenes have 
attracted a great deal of attention from various sources since their discovery 
just after the end of World War II. However there is still a great deal to be 
learned about the natural occurrence of trichothecenes and their role in disease. 
Efforts to do this have been hampered by the lack of adequate assay systems 
(see section 2.3).
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Various studies have shown that these toxins have antifungal properties 
therefore it may be passible to utilise this aspect of their biological activity 
to develop an assay system. Instruments have recently come on to the market 
which enable microbial physiological processes to be continuously monitored. 
Among these are impedimeters, these have been mainly used for rapid microbial 
enumeration. It may be possible to study the effects of trichothecenes on 
fungal cultures impedimetrically and learn more about their action on fungi with 
a view to the eventual development of a microbial assay system.
In this study an attempt has been made to survey the accumulated 
literature on mycotoxins, with particular regard to the properties of 
trichothecenes; and the electrical measurement of biological processes (Fart 2). 
The experimental work was concerned with studying the effect of trichothecenes 
on fungal metabolism. The initial stages (Part 3) were devoted to the 
development of methods to study the effects of trichothecenes on microbial 
activity using the Bactometer 32 impedimeter; and the screening of 
microorganisms for sensitivity to trichothecenes, with a view to finding 
sensitive microbial strains. Later stages involved assessing the sensitivity of
I
selected microorganisms to various trichothecenes; selecting the most sensitive 
strain, assessing its amino acid requirements (Part 4); and studying the effects 
of trichothecenes on the uptake and incorporation of radiolabelled amino acids 
by sensitive strains (Part 5).
Some of the work described in this thesis has been published (Moss &
Adak, 1986; Adak, Corry & Moss, 1987 a,b).
PART 2.
LITERATURE SURVEY:
THE MATURE AMD DETECTIOM OF TRICHOTHECEME MYCOTQXIMS 
AMD THE HISTORY AMD APPLICATIOHS OF IMPED DCETRY.
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2.1 ISTRODUCTIGI.
It is well known that fungi are able to grow on a variety of foodstuffs, 
from standing grain to highly processed foods such as cheese and jam. In 
recent years it has been shown that certain fungi produce toxic secondary 
metabolites or mycotoxins that can contaminate food and cause disease. However 
the extent of mycotoxin contamination of food is not known. Hew mycotoxins are 
still being discovered and the natural occurrence of many known mycotoxins is 
uncertain. Authorities concerned with maintaining the quality of food need to 
be able to detect mycotoxins in foods and also to know which foodstuffs are 
most likely to be contaminated so that they can direct their efforts 
efficiently. In the case of one group of mycotoxins, the trichothecenes.it is 
known that some are very toxic. In order to assess the risk to society posed 
by trichothecenes it is necessary to know details of their toxicity and their 
natural occurrence. Detection methods are therefore required to enable 
investigators to find out which foodstuffs are contaminated, by which toxins 
and to what extent. Although there are no satisfactory routine assays for 
trichothecenes as yet a great deal of information is available and «w*d.ysis of 
this information may prove to be of value to those concerned with the 
development of trichothecene assay systems.
In this survey I have tried to bring together information gleaned from 
various sources relating to: the importance of human and animal mycatoxicoses; 
the nature of trichothecenes and their toxicoses; trichothecene assay methods; 
and the use of electrical measurements to monitor microbial activity.
2.2 KYCOTOXUS.
The science of microbiology started with the studies of the Dutch merchant 
Antony van Leewenhoek in the seventeenth century. Leewenhoek designed and 
built his own microscopes which he used to study the natural world. Since then 
microbiologists have continued to investigate the microbial world, and over the 
course of three hundred years a great deal has been learned. The importance of 
the role of micro-organisms in the everyday life of communities and individuals 
has become clearer as new findings have emerged. Although micro-organisms 
have been used by man for centuries to make foods such as bread, wine and 
cheese, and despite the fact that today we are able to harness them to 
manaf^cture drugs and other chemicals, the most significant way that micro­
organisms affect human beings is to cause disease, not just to people, but also 
to their livestock, and their crops. The role of micro-organisms in infectious 
disease was first demonstrated by Louis Pasteur in the 1860’s, and much has 
been revealed about the causes and spread of infectious diseases since then. 
However not all diseases are infectious and micro-organisms need not infect 
individuals to give rise to disease. A century after the pioneering work of 
Louis Pasteur on infectious disease, another group of diseases came to the 
attention of microbiologists, these were given the name mycotoxicoses.
Mycotoxicoses are caused by the ingestion of mycotoxins, toxic fungal 
metabolites. Mycotoxins can contaminate food and give rise to disease. The 
first concerted studies into the role of mycotoxins in the causation of disease 
followed an epidemic in 195"^  that resulted in the death of about 100,000 young 
turkeys, and tens of thousands of ducklings and pheasants in poultry farms in
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the Southeast of England. The condition was given the name 'Turkey X disease’, 
and great efforts were made to find its cause.
Investigations into the pathology of the disease revealed the following 
symptoms in affected birds; acute liver damage, with biliary proliferation and 
ascite formation, well as injury to the kidney, heart and alimentary tract 
(Sargeant, Q’Kelly & Carnaghan, 1961). The source of the disease was found to 
be Brazilian groundnut meal, a common ingredient in poultry feed. The groundnut 
meal was found to be sterile, although it did contain mould hyphae. Chloroform 
extracts of the meal were found to induce the disease in ducklings. Indeed a 
sensitive bioassay was developed, making use of the extreme sensitivity of 
ducklings to hepatic injury induced by the then chemically uncharacterised toxic 
agent. It was possible to detect toxin doses of 1 pg, based on the assessment 
of the degree of biliary proliferation in treated day-old ducklings (Butler, 
1964). It was found that groundnuts from many countries were contaminated 
with the toxic agent. Eventually an organism was found which could produce the 
toxic agent when grown in pure culture. The mould, originally isolated from 
contaminated Ugandan groundnuts, was identified as Aspergillus flavus (Link ex 
Fries). The toxic agent was therefore named aflatoxin.
It was later shown by means of thin layer chromatography that the toxic 
extracts consisted of four closely related compounds designated; aflatoxins Bi , 
Ba, GT, and Gs, so named because they appeared as either blue or green 
fluorescent spots under UV light. It was apparent from the earliest animal 
studies that aflatoxins are extremely potent carcinogens. Even short term 
exposure to low levels of contaminated meal was sufficient to induce a high 
incidence of liver cancer in rats (Butler & Barnes, 1963; Newberne & Butler, 
1964). These findings stimulated a great deal of interest and subsequent 
studies have shown that aflatoxins are among the most potent of
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hepatocarcinogens, effecting a wide range of species including fish, birds, and 
mammals, including primates (Adamson, Correa & Degard, 1973; Rodricks,
Hesseltine & Mehlman, 1977). It has been shown that aflatoxin Bt , is 
processed in the liver and other organs of animals to produce toxic metabolites 
which are responsible for the effects seen in aflatoxicoses.
Aflatoxin Bt -2-3-dihydrodiol has been isolated from the acid hydrolysate of DNA 
or rRNA-aflatoxin Bi adducts (Swenson, Miller & Miller 1973; Swenson, Lin,
Miller & Miller, 1977). This suggests that the epoxide, aflatoxin Bi-2-3-oxide 
is formed which is the ultimate carcinogen. Other aflatoxin metabolites have 
also been isolated from samples most notably aflatoxin Mi , which has been found 
as a contaminant of milk supplies (Patterson & Roberts, 1975; Roberts & 
Patterson, 1975; Patterson & Roberts, 1979). Mycotoxins, structurally related to 
aflatoxins, have also been isolated from foods contaminated with A. flavus.These 
include sterigmatocystin and versicolorin. Sterigmatocystin has also been found 
to be carcinogenic and mutagenic in laboratory studies (Van der Vatt, 1974;
Vong, Singh, & Hseih, 1977; Vehner et al.. 1978).
Epidemiol^ical studies of papulations in Thailand, India, Kenya, Mozambique 
and South Africa show correlations between the incidence of liver cancer and 
aflatoxin concentrations in food, and also significantly in the livers of 
suffers (Van Rensberg, et al.. 1974; Vagan, 1976; Vogan, 1977; Peers & Linsell, 
1977; Austwick, 1984). Such findings indicate that diet*<y aflatoxin may be 
linked with cancer in humans. Aflatoxins have also been linked with a 
condition known as Reye’s syndrome a childhood disease characterised by fatty 
degeneration of the liver and encephalitis. Here also aflatoxins were detected 
in liver samples taken from sufferers, in countries as widely separated as 
Czechoslovakia, New Zealand, Thailand and the U.S.A. (Austwick, 1977 & 1984).
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It is now known that a number of Aspergillus species are capable of 
producing aflatoxins (Diener, Asquith & Dickens, 1983). The aspergilli are 
extremely common moulds and are frequently found in foodstuffs, as such 
aflatoxin contamination of groundnuts, chillies, cassavas, other vegetables, and 
grain is not rare, particularly in the tropics (Krishnamachari et al.. 1975; 
Peers & Linsell, 1977; Austwick, 1984). The levels of contamination of human 
food are rarely sufficient to cause acute illness, this means that the most 
prevalent forms of aflatoxicosis are chronic diseases particularly liver cancer 
and Reye’s syndrome.
The discovery of aflatoxins was prompted by a massive outbreak of acute 
aflatoxicosis, in a country that had the financial resources, the economic 
incentive and the scientific expertise to get to the root of the problem. Given 
that the effects of aflatoxins are usually insidious and that those affected are 
mainly to be found in poor countries, it is not surprising that, despite their 
potency and relative commonness, they were not discovered until 1960,
Following the discovery of the aflatoxins it was recognised that, given the 
known ability of fungi to produce secondary metabolites of diverse chemical 
structure, other potentially harmful mycotoxins must exist. Prior to 1960 the 
only fungal toxins known to cause disease were those from poisonous mushrooms 
and the ergot alkaloids which were known to cause ergotism (Barger, 1931).
Ergotism isc\disease with a particularly interesting history. It was known 
5000 years ago in China and is also thought to have been responsible for the 
poisoning of the armies of Athens and Sparta in 1480 BC and that of Peter the 
Great as he was planning the invasion of Turkey (Austwick, 1984). Sporadic 
outbreaks have been recorded ever since. During the middle ages in Europe the 
disease was called St. Anthony’s Fire or the Holy Fire, because sufferers were 
prone to convulsions and a burning sensation of the skin followed by gangrene
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(Barger, 1931). Outbreaks have been recorded as recently as 1926 in Russia,
1928 in England and 1951 in France (Barger, 1931; Gabbai, Lisbonne & Pourquier, 
1960). The disease usually results from the consumption of bread made from 
flour contaminated with ergot alkaloids. These alkaloids are metabolites of 
Claviceps purpurea, a fungus that grows on rye. The fungus produces grain 
shaped ergots which are harvested with the true grain, When the rye is milled 
the toxins became thoroughly integrated into the flour. Products made with 
contaminated flour are therefore poisonous. It is easy to see how major 
outbreaks of ergotism can occur in years when Claviceps purpurea is prevalent 
in a grain crop. The ergot alkaloids affect the blood vessels, brain and smooth 
muscle, giving rise to the symptoms of St. Anthony's Fire. In addition those 
affected may suffer from hallucinations and other psychotic behaviour, but such 
effects have been found to be transient (Gabbai, Lisbonne & Pourquier, 1960).
The pharmacology of the ergot alkaloids has been studied and drugs based on 
these compounds have been developed. Ergotamine is a vasodilator and is 
prescribed in the treatment of migraine, other ergot alkaloids are used as 
uterine stimulants and are given to women after : the delivery of babies to
help in the expulsion of afterbirth, this property of ergot has been used in 
folk medicine, to induce abortion.
Since the 1960's public concern over health issues has risen sharply in 
the developed countries of the Vest. As a result, research into potential 
health Mtzards, such as those posed by mycotoxin contamination of foodstuffs, 
has increased. A large number of toxigenic fungi, from many different genera, 
have been identified. These have been found to be able to produce over 400 
different mycotoxins (Watson, 1985). Not all of these have been extensively 
studied but it is thought that relatively few pose a significant threat to human 
safety (Watson, 1985). The genera that have been of most interest to
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mycotoxicologists mainly belong to the Fungi Imperfect/., and among these, 
species of Aspergillus. Penicillium and Fusarium have attracted the most 
attention. Toxigenic strains of Aspergillus. Penicillium and Fusarium. have been 
found to be able to produce at least fifteen mycotoxins (Watson, 1985), and 
some of these toxins have been identified as the causal agents of disease in 
either man or livestock. These include islanditoxin, from Penicillium 
islandicum implicated in yellow rice disease (Saito, Enomoto, Tatsuno &
Uraguchi, 1971); the aflatoxins, from Aspergillus flavus and A. parasiticus the 
causal factors for 'Turkey X disease’ (Goldblatt, 1969); trichothecenes, from 
Fusarium strains responsible for the swine refusal-vomiting disease (Vesonder, 
Ellis & Rohwedder, 1981). Aspergilli and Penicillia are probably the most 
commonly encountered moulds in the world. They infect almost all types of food 
and are as near to ubiquitous as is possible, everybody must have seen examples 
of either Penicillium or Aspergillus on mouldy bread, jam, cheese, fruit, etc.
The Fusaria are common plant pathogens affecting many crops all over the world, 
from the grain crops of Forth America and the U.S.S.R. to bananas and coffee 
from the tropics (Booth, 1971). Therefore it can be seen that the propensity of 
these moulds to produce toxic metabolites is a matter for serious concern.
It is difficult to fully establish causal links between mycotoxins and 
particular diseases, particularly chronic diseases such as cancer. Most 
mycotoxins have been discovered in the last twenty years, as such little is 
known of their occurifence and effects. In many cases adequate assay methods 
have yet to be developed mak'if*g it difficult to assess their contribution to 
disease (Watson, 1985). However circumstantial evidence suggests that in a 
number of cases mycotoxins are responsible for causing serious diseases in both 
man and livestock. The evidence for aflatoxin induced liver cancer and Reye's 
syndrome is a case in point. Correlations exist between dietary aflatoxin levels
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and the incidence of liver cancer in particular communities, and animal studies 
have shown the aflatoxins to be hepatocarcinogens (see above), but this does 
not prove that human liver cancer is caused by aflatoxins. Other liver 
damaging agents may be responsible for the observed levels of liver disease in 
these areas, eg alcohol, viral hepatitis, environmental chemicals, etc.. The 
liver can be regarded as the body’s detoxification plant, one of its roles is to 
remove and neutralize hazardous chemicals from the bloodstream. As such it is 
subjected to greater chemical bombardment than any other organ, and is often 
the first organ to be affected by a toxin. Laboratory studies have shown other 
mycotoxins to be hepatotoxic although evidence for their role in disease is 
equivocal. These include: cyclopiazonic acid, produced by P. camembertii (Le 
Bars, 1979); PR toxin, produced by P. koquefortii (Arnold et al.. 1978); 
rubratoxin-B, produced by P. rubrum (Siraj & Hayes, 1980); the sporidesmins, 
produced by Pithomyces species (Bullock et al.. 1974; Towers & Stratton, 1978); 
viridiicatjum, produced by P. viridicatium (Carlton & Tuite, 1977), viomellein and 
xanthomegnin, produced by A. ochraceous. P. cyclopium and P. viridicatum (Krogh, 
1981).
Ochratoxin-A was first discovered in South Africa as a secondary 
metabolite of the fungus Aspergillus ochraceous (Scott, 1965). It has also been 
found to be produced by Penicillium species, including P. viridicatum and E*. 
cyclopium (Krogh, 1976). Ochratoxin-A was found to be toxic to rats causing 
kidney damage at low levels and both kidney and liver damage at higher doses 
(Elling 8s Holler, 1973). Its nephrotoxic effects have been demonstrated in 
other mammals including pigs, which suffer severe renal damage and weight loss 
if subjected to a dose of 200 pg/Kg feed (Elling & Moller, 1973). Furthermore 
it has been found to induce renal and hepatic tumours in mice (Kanisawa 8s 
Suzuki, 1978). It has been suggested that dietry ochratoxin-A is the cause of
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Balkan endemic nephropathy (Krogh, 1972). This is a degenerative disease of 
the kidney and is relatively common in parts of rural Bulgaria, Romania and 
Yugoslavia. Krogh found that upto 20 per cent of food in certain villages 
contained measurable amounts of ochratoxin-A, as a result of P. viridicahum 
contamination. Ochratoxin-A has been found to contaminate foodstuffs in other 
parts of the world, eg South Africa, Sweden, Denmark and the U.K. (Scott, 1965; 
Rutqvist et al.t 1977; Krogh, 1977; Hunt, Phillip & Crosby, 1979; Hunt, McConnie 
& Crosby, 1980), therefore more epidemiological studies are required to 
demonstrate whether there is a relationship between dietary ochratoxin-A levels 
and kidney disease. Nephrotoxicity is not confined to ochratoxin-A,
P. camembertii has been found to produce the nephrotoxin, cyclopiazonic acid, 
which has been detected in cheese (Le Bars, 1979). Studies have indicated that 
the following mycotoxins also cause kidney damage in laboratory animals: 
gliotoxin, produced by certain AsperyUu.5 species (Cole, 1976); PR toxin from 
P. Roquefortii (Arnold et al., 1978); aecalonic acid from A. aculeatus (Reddy & 
Hayes, 1979 a,b); viomellein and xanthomegnin from A. ochraceous. P. cyclopium 
and P. viridicatum (Krogh, 1981), although their role in causing disease to man 
or livestock has not been proven.
Rubratoxin-B was discovered in the 1960's soon after the discovery of the 
aflatoxins. It is*secondary metabolite*^. rubrum (Townsend, Moss & Peck, 1966; 
Moss et al.. 1967). Rubratoxin-B has been isolated from P. rubrum infested corn 
(Hayes & McCain, 1975; Whidden, Davis & Diener, 1980). Oral administration of 
contaminated foodstuffs produced disease in test animals (Wilson & Wilson,
1962). The toxin affects the liver and the vascular systems, affecting blood 
counts and causing liver haemorrhages in test animals (Hayes, Unger & Williams, 
1977; Desaiah, Hayes & Ho, 1977). In addition it has been suggested that
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rubratoxin-B may be a teratogen, as it affects organogenesis in chicks (Giliani, 
Bancroft & Reilly, 1975; Evans & Harbison, 1977).
Citreoviridin is another secondary metabolite of a Penicillium fungus, in 
this case P. citreoviride. it is thought that this mycotoxin, as a contaminant 
of rice, may cause cardiac beri-beri. A potentially fatal disease characterised 
by the following symptoms; vomiting, paralysis, convulsions, respiratory arrest, 
temperature and depression (Saito et al., 1971; Leistner & Pitt, 1977).
Outbreaks of the disease have been recorded in various parts of Asia where rice 
is the staple food. The toxin has been found as a contaminant of stared 
polished rice.
Citreoviridin is reported to have tremorgenic activity, ie it is a 
neurotoxin that causes sustained tremors in affected animals. The first 
identified tremorgen was aflatrem, a secondary metabolite of A. flavus (Vilson & 
Wilson, 1964, Gallagher & Vilson, 1979), which was found to cause sustained 
tremors in mice, rats and guinea-pigs. Tremorgenic mycotoxins have 
subsequently been found to be produced by a number of different organisms, 
including a number of species of Aspergillus and Penicillium. They appear to 
affect the central nervous system of test animals, however they do not, as yet, 
appear to cause permanent lesions. To date only one human disease has been 
linked tentatively to the intake of dietary tremorgens. This disease ’Ilesha 
shakes’ is localised to a part of Nigeria and affects children it has been 
suggested that it may be caused by a tremorgen produced by a species of 
Penicillium (Austwick, 1984). Other tremorgens reported in the literature are 
listed below: paxilline, produced by P. paxilli (Cole, Kirksey & Wells, 1974); the 
P. paraherquei toxins (Yoskizawa et al.. 1976); the penitrems, produced by 
P. crustosum (Ciegler, Vesonder & Cole, 1976; Kyriakidis et al.. 1981); the 
fumitremorgens, produced by P. steckii and A. fumagatus (Cole et„al., 1977; Cox
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et al.. 1979); paspalinine, produced by A, flavus and Claviceps paspali 
(Gallagher et al.f 1980; Cole et al.. 1981); TR-1 and TR-2 toxins, produced by 
A. versicolor (Pohland, 1977).
A further major group of mycotoxins are the trichothecenes, produced in 
the main by species of Fusarium but also by a number of other moulds. These 
will be described in detail in section 2.3.
Research has shown that mycotoxin contamination of foodstuffs is a matter 
for legitimate concern. This has been brought to the attention of governments 
and it has been recognised that there is a need for surveillance of foodstuffs 
to prevent both humans and livestock from being exposed to dangerous levels of 
mycotoxins. Analytical procedures have been developed and food has been 
monitored in order to assess the nature and degree of the threat to public 
health posed by mycotoxin contamination of foods. Regulatory bodies must 
assess the level of risk posed by mycotoxins. It would be impractical to set 
acceptable levels at the lowest limits of detection for all compounds. Some 
analytical techniques are so powerful that inf ini tissimal amounts of certain 
mycotoxins could be detected while on the other hand adequate assays have not 
been developed for others. In the U.K. monitoring of foods is coordinated by 
the Sub-Group on Mycotoxins, this has representatives from interested 
government departments, the Association of Public Analysts and relevant trade 
associations (Vatson, 1985). Various commodities are monitored and in some 
instances there has been little evidence of major mycotoxin contamination. In 
England and Vales monitoring of products sold in retail outlets has shown that 
mycotoxin contamination of cereal food products is rare (Vatson, 1985). Vhile 
ochratoxin-A was detected in 16 per cent of visibly abnormal pig kidneys taken 
from slaughterhouses, levels in the contaminated samples was low, less than 10 
ppb in all but two samples (22 and 44ppb) (Hunt, Phillips & Crosby, 1979; Hunt,
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McConnie & Crosby 1980). In the case of dairy products it was passible to 
reduce the levels of aflatoxin Mi over a period of time by placing restrictions 
on the import and sale of groundnut and cottonseed products containing 
detectable amounts of aflatoxin Bi (Vatson, 1985). If surveillance procedures 
are sensitive to the prevailing conditions it is possible to minimise the threat 
posed by mycotoxins in advanced countries. However risks remain, even in 
developed nations, of disease outbreaks occurring through contamination of foods 
by an unknown or undetectable toxins, or through slackness, bad luck or even 
deceit by unscrupulous traders. In the developing world the prospects are 
bleaker, people are often forced through poverty to eat whatever is available, 
as such outbreaks of acute disease are inevitable and long term exposure to low 
levels of diettwf mycotoxins will continue. Therefore research into the 
epidemiology of mycotoxicoses and the toxicology and analysis of mycotoxins is 
necessary to equip people with the knowledge required to counter the threats 
posed by the fungal contamination of foodstuffs.
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2.3 TRICH0THECE5ES.
The trichothecenes are a group of structurally related mycotoxins produced 
by fungi belonging to several genera. They are colourless, crystalline optically 
active solids. The first trichothecene to be isolated in a pure form was named 
trichothecin, as it was collected from cultures of the mould Trichothecium 
roseum (Freeman & Morrison, 1948). However Fusarium. rather than Trichothecium. 
is the most important trichothene producing genus, in terms of accounting for 
the natural occurrence of these toxins (Mirocha, Pathre & Christensen, 1980). 
Trichothecene mycotoxins have been found as contaminants of grain and other 
commodities, the most commonly encountered contaminants being: deoxynivalenol; 
T-2 toxin; diacetoxyscirpenol; and nivalenol (Mirocha, Pathre & Christensen, 
1980). These and other trichothecenes have been implicated in both human and 
animal disease. Circumstantial evidence exists that contamination of grain by 
fusarial trichothecenes was responsible for outbreaks of alimentary toxic 
aleukia (ATA) in the U.S.S.R. during the 1940s (Joffe, 1971). One such outbreak, 
in the district of Orenburg resulted in 10 per cent of the population being 
affected, many fatally. Trichothecenes have been associated with a number of 
disease outbreaks in farm animals, (Vesonder, Ciegler & Jensen, 1973; Yoshizawa 
& Morooka, 1977; Ciegler, 1978).
3.2.1 STRUCTURAL ELUCIDATION.
In the years immediately following World War Two the Imperial Chemicals 
Industries (I.C.I.) started a programme to search for new antibiotics. The 
metabolites of many fungal species were collected, purified and studied in order
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to assess their antimicrobial potential (Brian & McGowan, 1946). In the course 
of this programme a purified trichothecene was isolated for the first time.
This was given the name trichothecin, as it was isolated from cultures of the 
mould Trichothecium roseum (Freeman & Morrison, 1948). Earlier in the same 
programme a substance, designated glutinosin, had been extracted from cultures 
identified as Metarrhizium glutinosum (Brian & McGowan, 1946), later 
reidentified as Myrothecium verrucaria (Vhite & Downing, 1947). Glutinosin was 
later discovered to be a mixture of two closely related trichothecenes now 
known as verrucarins A and B (Grove, 1968). Freeman and his co-workers 
continued to study the chemistry of trichothecin and were able to reveal its 
molecular formula as CtsHsaCU (molecular weight = 316). They went on to 
demonstrate that it is an ester of isocrotonic acid and an a,j3 unsaturated 
ketonic alcohol with the formula C-i &Hi ^ CU, which they called trichothecolone 
(Freeman & Morrison, 1949; Freeman, Gill & Waring, 1959). Analysis of the 
chemistry of trichothecolone and its rearrangement products showed it to be a 
tetracyclic sesqiterpenoid (Freeman, Gill & Waring, 1959; Fishman et al.. 1960).
In the early 1960s a number of fungal metabolites were isolated that 
appeared to be structurally related to trichothecin. These included 
trichadermin, a compound that had been initially isolated from cultures of 
Trichoderma viride (Godtfredsen & Vangedal, 1964), roridin C a metabolite of 
Myrothecium roridum (Harri et al.. 1962) and verrucarin A, a metabolite of 
Myrothecium verrucaria (Harri et al.t 1962). Trichodermin was recognised as an 
acetyl derivative of a sesquiterpenoid alcohol called trichodermol (Godtfredsen 
& Vangedal, 1964) which in turn was found to be identical to roridin C 
(Gutzwiller et al.t 1964). The chemical and spectroscopic properties of 
trichadermin were very similar to those of trichothecolone. Indeed a 
relationship between the two compounds was demonstrated by the oxidative
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conversion of trichodermin into trichothecolone acetate (Godtfredsen & Vangedal, 
1964). Therefore it appeared that trichothecin, trichothecolone, trichodermin 
and trichodermol all had a common skeleton. Further evidence for this came 
from a series of exper iments in which it was shown that trichothecolone, 
trichodermol and also verrucarol, a hydrolysis product of verrucarin A (Tamm & 
Gutzwiller, 1962), could all be readily converted into a common product, 
4-0-mesyl trichothecolone (Fig. 2.1) (Gutzwiller et al., 1964). It was becoming 
apparent that the fungal metabolites; trichothecin, trichodermin, trichodermol 
(roridin C) and verrucarin A all had a common skeleton, however its precise 
structure was still not known.
Verrucarol Trichodermol
Mesyl Mesyl
chloride, chloride,
pyridine pyridine
▼ if ▼
4,15-Di-Q-mesyl- 
Verrucarol
Hal
Zfl
4-0-mesyl- SeQ;
Trichodermol
Trichothecolone
Mesyl
chloride,
pyridine
4-0-mesyl-
Trichothecolone
Fig 2.1 Conversion of verrucarol, trichodermol and trichothecolone 
into 4-0-mesyl trichothecolone.
Earlier studies had shown that dihydroverrucarol, produced by the 
catalytic hydrogenation of verrucarol, formed a new tertiary methyl group and a 
tertiary hydroxyl group when treated with lithium aluminium hydride (Tamm & 
Gutzwiller, 1962). While treatment of verrucarol with dilute sulphuric acid 
yielded a product with four hydroxyl groups (Gutzwiller & Tamm, 1963). This
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product was stable to sodium periodate and to lead acetate which suggested the 
presence of a 1,3-diol group. On the basis of these results Gutzwiller & Tamm 
(1963) concluded that verrucarol contained a four membered oxygen ring. This 
conclusion was questioned by Godtfredsen & Vangedal (1964, 1965). They had 
found that like dihydroverrucarol, trichodermol yielded a product with a new 
tertiary methyl group and a tertiary hydroxyl group when treated with lithium 
aluminium hydride. They suggested that this showed that in both cases a 
terminal epoxy group had been reduced (Fig 2.2). Therefore an epoxy group was 
an integral part of the ring cycle that formed the skeleton of trichothecin, 
trichodermin, trichodermol, verrucarin A and their derivatives.
X-ray analysis of a p-bromobenzoate derivative of trichodermol confirmed 
the presence of the epoxy group (Abrahamsson & Nilsson, 1964, 1966), and 
provided the final clues that allowed the complete structure of trichodermol to 
be confirmed (Fig 2.3).
The structural relationship between trichodermol and trichodermin was 
already known (Godtfredsen & Vangedal, 1964) as such it was relatively simple 
to deduce the complete structure of trichodermin once that of trichodermol had 
been confirmed (Fig 2.5). Similarly it was possible to deduce the structures of 
trochothecolone (Fig 2.6) and trichothecin (Fig 2,6) from their inter-
LiAlILi
■>
Fig. 2.2 Reduction of an epoxy group.
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HOH
CH
CH
Fig. 2.3 The structure of trichodermol.
relationship (Freeman, Gill & Waring, 1959), and the relationship established
between trochothecolone, trichodermol and trichodermin (Gutzwiller et al.. 1964; 
Godtfredsen & Vangedal, 1964, 1965).
It was known that verrucarin A, verrucarol and trichodermol shared the
same skeletal structure, and it was passible to work out the structure of 
verrucarol (Fig 2.5) from the established relationship between it and 
trichodermol (Gutzwiller et al.. 1964). Verrucarol had initially been isolated 
as a product of verrucarin A hydrolysis (Tamm & Gutzwiller, 1962). Two other 
products were obtained, these were cis,trans~m ucoiiic acid and an unidentified 
neutral substance with the formula CgHioOs. Spectroscopic and nuclear magnetic 
resonance (NMR) analysis identified this as verrucarinolactone, the lactone of 
verrucarinic acid. Verrucarinolactone was shown to be a secondary product of 
hydrolysis, having been formed from verrucarinic acid (Gutzwiller & Tamm, 1965).
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Verrucarol has two free hydroxyl groups at the C-15 and C-4 positions, it was 
thought that these were the points of attachment for the other moieties, as it 
was known that verrucarin A did not have free hydroxyl groups at either of 
these positions (Gutzwiller & Tamm, 1965). It was also suggested that an ester 
was formed between verrucarinic acid and muconic acid and that this product 
could in turn be esterified with verrucarol via the two free hydroxyl groups. 
HMR, chemical degradation studies and X-ray crystallography showed that this 
was indeed the case. The three moieties are interlinked to form a chain 
(Fig 2.7), the carboxyl group of the verrucarinic acid is esterified with the 
C-15 hydroxyl group of verrucarol while the C-4 hydroxyl group is esterified 
with one of the carboxyl groups of muconic acid and to close the chain the 
hydroxyl group of verrucarinic acid is esterified with the remaining carboxyl 
group of the muconic acid moiety (Gutzwiller & Tamm, 1965; Zurcher, Gutzwiller & 
Tamm, 1965; McPhail & Sim, 1966).
Trichothecenes have a tendency to undergo ring system rearrangements, 
particularly under acid conditions (Freeman, Gill & Waring, 1959; Gutzwiller 
et al.. 1964; Godtfredsen & Vangedal, 1965; Dawkins, 1966). In retrospect it can 
be seen that this complicated the process of structural elucidation. For 
example verrucarol undergoes a rearrangement under acid conditions (Fig. 2.4), 
to the apotrichothecene ring system which has no 12,13-epoxy group (Gutzwiller 
et al.. 1964). On the basis of studies in which verrucarol was treated with 
acids Gutzwiller & Tamm (1963) proposed that it had a four membered oxygen 
ring rather than an epoxy group. Under these conditions the epoxy group would 
have undergone a rearrangement and as such this unsuspected effect may have 
confounded their interpretation of the results,
A great deal of information about the chemistry of the trichothecenes and 
the trichothecene skeleton had been learned from the studies described above.
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CH
CHO
O
Fig. 2.4 Ring system rearrangement of verrucarol.
Their physical, spectroscopic, NMR, and X-ray crystallographic characteristics 
were beginning to emerge. Reference points had been established and so it 
became possible to relate the characteristics of other compounds from different 
sources to those of trichothecin, trichodermin, verrucarol and their derivatives.
The structure of diacetoxyscirpenol (DAS) (Fig. 2.5) was established using 
verrucarol as such a reference point. DAS was the first of the fusarial 
trichothecenes to be discovered, it was first isolated from cultures of Fusarium 
equiseti (Brian et al.. 1961). It was found that DAS could be converted into a 
derivative of verrucarol (Dawkins, Grove & Tidd, 1965; Flury, Mauli & Sigg, 1965; 
Dawkins 1966). Therefore it was concluded that DAS and verrucarol shared the 
same skeletal structure. The nature of its side groupings was established by 
studying its chemical reactions and its NMR characteristics (Sigg et al.. 1965; 
Dawkins, 1966).
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A large number of trichothecenes have been discovered since the structure 
of trichodermol was first elucidated (Table 2.1). NMR has been used extensively 
to aid the identification of newly discovered compounds and also to establish 
precise structural detail (Figs. 2.5 - 2.10). The NMR spectra of trichothecenes 
share certain distinctive features, of which the most obvious is an AB quartet 
in the region of £2.7 - 3.3, with a coupling constant (J) of about 4 Hz. This 
arises from the methylene protons of the 12,13 epoxide ring. Absorption in 
this part of the spectrum is relatively uncommon and tends to be associated 
with epoxide groups. The coupling constant is very consistant among the 
different trichothecenes therefore taking these two factors into account it can 
be seen that the AB quartet is a particularly good indicator. A second 
diagnostic feature is a strong singlet (3H) at £0.85 ± 0.2, this is due to the 
methyl group at C-5, while a broad singlet (3H) at £1.75 can be attributed to 
the C-9 methyl group. This signal may be broadened through long range coupling 
with protons at C-1Q and C-ll (J = 1Hz). The proton at C-2 gives rise to a 
doublet (or a broad doublet, J = 5 Hz) centred at £3.55 ±0.3. A doublet or 
quartet at £5.5 ± 0.2 is due to the proton at C-10, this signal is shifted 
downfield to £6.6 ± 0.2 in 8-keto trichothecenes compounds. The signal of this 
proton is coupled with that at C-ll (J - 6Hz) (Bamburg & Strong, 1970: Mirocha, 
Pathre & Christensen, 1980). Structural studies have shown that the methyl 
groups at C-5 and C-9 and the hydrogens at CIO and C-2 are common to all the 
naturally occuning trichothecenes while the 12,13 epoxide group is missing in 
only one compound, verrucarin K, which differs from verrucarin A in that its 
epoxide group has been deoxygenated. Therefore it can be seen that 
trichothecenes have an identifiable NMR fingerprint which allows newly 
discovered compounds to be characterised fairly easily.
NAME. SOURCE. REFERENCE.
Trichothecin Trichothecium
roseum
Freeman & Morrison, 1948
Crotocin Cephalosporium
crot.QcinQg.enum
Glaz et al.. 1959
Roridin A Myrothecium
roridum
Nespiak et al.. 1961
Diacetoxyscirpenol
(DAS)
Fusarium equiseti Brian et al.. 1961
Nivalenol diacetate Fusarium nivale Brian et al.. 1961
Verrucarin A Myrothecium
verrucaria
Harri et al.. 1962
Verrucarin B
verrucaria
Harri et al.t 1962
Trichodermol Myrothecium
roridum
Harri et al.. 1962
Trichadermin Trichoderma
viride,
Godtfredsen & Vangedal,1964
Roridin D Myrothecium
verrucaria
Bohner et al.f 1965
Roridin E Myrothecium
verrucaria
Bohner et al.t 1965
Roridin H Myrothecium
verrucaria
Bohner et al.f 1965
Verrucarin J Myrothecium
verrucaria
Bohner et al.. 1965
2’-Dehydroverrucarin A Myrothecium
roridum.
Zurcher & Tamm, 1966
Nivalenol Fusarium nivale Tatsuno et al.. 1968
Fusarenon X Fusarium nivale Tsunoda et al.f 1968
Di-O-acetylverrucarol Mvrothecium sp. Okuchi et al.r 1968
Table 2.1 Natural sources 
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of trichothecenes.
NAME. SOURCE. REFERENCE.
T-2 toxin Fusarium tricinctum Bamburg et alM 1968
HT-2 toxin Fusarium tricinctum Bamburg & Strong 1969
Trichothecolone Irichoiheoium.
roseum
Achilladelis & Hanson, 1969
Neosolaniol Fusarium ..solani Ishii et al.. 1971
15-Deacetylealonectrin 
Calonectrin
Fusarium culmorum Gardner et al.. 1972
Fusarium culmorum Gardner et al-t 1972
Deoxynivalenol Fusarium tricinctum Vesonder et al-, 1973
Yoshizawa & Morooka, 1973
Deoxynivalenol
monoacetate
Fusarium iricinctum Yoshizawa & Morooka, 1973
Satratoxin Stachybotrys atra Epply & Bailey, 1973
7a-Hydroxy-
Diacetoxyscirpenol
Eusarium roseum Ishii, 1975
7,8-Dihydroxy- 
Diacetoxysc irpenol
Eusarium, roseum Ishii, 1975
Acetyl T-2 toxin 
Scirpentriol
Fusarium tricinctum Kotsonis et al.f 1975
Fusarium roseum Pathre et al.. 1976
Monoacetoxyscirpenol Fusarium roseum. Pathre et al.. 1976
Baccharin Baccharis megapotamica Kupchan et al., 1976
(Higher plant species)
70,80-Epoxyroridin H Cylindrocarpon sp. Matsumoto et al.. 1977
70,80,2 ’ ,3 ’-Diepoxy- 
rodidin H
CyLindrocarpoa sp. Matsumoto et al.f 1977
70,80-Epoxy isoror id in E Cyliadrooarpoa sp. Matsumoto et al.. 1977
Table 2.1 cont. Natural sources of trichothecenes.
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NAME. SOURCE REFERENCE.
Vertisporin 
Verrucarin K 
3'Hydroxy HT-2 toxin 
15 Acetoxy T-2 tetraol 
3'Hydroxy T-2 triol 
Triacetoxyscirpenol 
8 Acetyl T-2 tetraol 
8 Acetylneosolaniol 
15-Deacetylneosolaniol 
4-Deacetylneosolaniol
Vent.iQiiiiQRqgpQr i.ua 
. <3 i f f  rectum
Myrothecium verrucaria 
Fusarium heterosporum 
Fusarium heterosporum 
Fusarium heterosporum 
Eusarlum _r.gseua 
Eusarlum ...poae 
Eusarium,. .tr icinctum 
Fusarium acuminatum 
Fusarium acuminatum
Minato et al.. 1977 
Breitenstein & Tamm, 1977 
Cole & Dorner, 1981 
Cole & Dorner, 1981 
Cole & Dorner, 1981
Abbas et al., 1984
Abbas et al., 1984
Abbas et al., 1984
Abbas et al., 1984
Abbas et al., 1984
Table 2.1 cont. Natural sources of trichothecenes.
HCH
CH
R
TRICHOTHECElfE. R1 R2 R3 R*
Trichothecene H H H H H
Trichodermol H OH H H H
Trichodermin H OAc H H H
Di-O-acetylverrucarol H OAc OAc H H
Dihydrotrichothecene H OH H H OH
Verrucarol H OH OH H H
Scirpentriol OH OH OH H H
T-2 tetraol OH OH OH H OH
8 Acetyl T-2 tetraol OH OH OH H OAc
15 Acetoxy T-2 tetraol OH OH OAc H OH
Manoacetoxyscirpenol OH OH OAc H H
Diacetoxyscirpenol OH OAc OAc H H
Triacetoxyscirpenol OAc OAc OAc H H
T-2 toxin OH OAc OAc H OCOCHaCH(CHs >2
T-2 triol OH OH OH H OCOCHaCH<CHs >2
HT-2 toxin OH OH OAc H OCOCHzCH<CH3>2
Acetyl T-2 toxin OAc OAc OAc H OCOCHiCH(CHs)*
3’Hydroxy-HT-2 toxin OH OH OAc H OCOGHiCQH(CH3)2
3'Hydroxy T-2 triol OH OH OH H OCOCHsCOHCCHs)2
Fig. 2.5 Group A: Trichothecenes. 
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TRICHOTHECENE. R1 R2 R3 RA RS
Neosolanial OH OAc OAc H OH
8 Acetylneasolaniol OH OAc OAc H OAc
,15-Deacetylneosolaniol OH OAc OH H OH
4-Deacetylneosolaniol OH OH OAc H OH
Monoacetylneosolaniol H OAc OAc H OAc
7a-Hydroxydiacetoxyscirpenol OH OAc OAc OH H
7,8cc-Dihydroxydiacetoxyscirpenol OH OAc OAc OH OH
15-Deacetylcalonectrin OAc H OH H H
Calonectrin OAc H OAc H H
Fig. 2.5 cant. Group A: Trichothecenes.
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CH
CH
R
3
TRICHOTHECENE. R1 R3 R3 R*
Trichottecalone H OH H H
Trichothecin H OCOCHCHCHs H H
Deoxynivalenol OH H OH OH
Deoxynivalenol monoacetate OAc H OH OH
Nivalenol OH OH OH OH
Fusarenon-x OH OAc OH OH
Nivalenol diacetate OH OAc OAc OH
Fig. 2.6 Group B: 8-keto Trichothecenes.
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CH
CH
TRICHOTHECEFE. R
Verrucarin A
g 0 0
-CCH (OH>CH <CH3)CH2CH*QCCH=CHCH=£hC-
Verrucarin B
0 0 0 
-CCHC (CH3) CH^CHi>OCCH=CHCH=CHc!-V /
0
Verrucarin J
0 0
-CCH=C (CHs )ch2ch:2occh=chch=ch6-
2'dehydroverrucarin A
00 0 0
-CCCH(CHs)CH*CHaOCCH=CHCH=CHC-
Roridin A
9 P
-CCHOHCH(CHs)CH£OCHCH=CHCH=CHC- 
CH3CHOH
Roridin D
9 9
-CCHC (CHs) CH:::CH30CHCH=CHCH=CHC- 
V CHsCHOH
Roridin E
0 0 
-fiCH=C(CH3 )CH2CH20CHCH=CHCH=CHC- 
CH3CHOH
Fig. 2.7 Group C; Macrocyclic Trichothecenes.
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TRICHOTHECEHE. R
Roridin H
0 0 
-CCH=C <CHs ) CH*CHOCHCH=CHCH=CHC- 
OCCHs
Satratoxin H
Q /— \
-CCH=( 0 0
\  4- CH=CHCH=Ch£- 
HO CH(CHa)OH
Vertisporin
0  _
-CCH=/ N0 g
H-)— ^—  CH2CH=>CH=CHC- 
0.^_H 
H OH OH
Fig. 2.7 cant Group C: Macrocyclic Trichothecenes.
CH
CH
CH
R = OCOCH=CHCHs
Fig. 2.8 Group D: Crotocin. 
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CH
TRICHOTHECENE.
7J3,8^ “Epoxyroridin H
0 0 
-CCH=C(CH3)CHaCHOCHCH=CHCH=CHC- 
OCCH3
y^.S^^’^ ’-Diepoxyroridin H
0 0
-CC-C(CH3)CH*CHQCHCH=CHCH=CHC- 
V  OCCH3
7^,8^-Epoxyisororidin E
0
-CCH=C(CH3>CH3CH30CHCH=CHCH=CHC-
chs6hoh
Fig. 2.9 Group E: The Epoxyroridins.
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CH
CH
CH
O R
9 9R = "CCHC (CH3 )CH<OH)CH*OCHCH=CHCH=CHC-V chsChoh
Fig. 2.10 Group F: Baccharin.
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2.3.2 TOXICITY.
The first trichothecenes to be isolated appeared to have potentially useful 
pharmacological properties. Trichothecin, crotocin, DAS, roridin A and 
verrucarins A and B were all initially regarded as potential antibiotics 
(Freeman & Morrison, 1948; Freeman, Gill & Varing, 1959; Brian et al.. 1961;
Harri et al.. 1962). Therefore as part of the drug development process it was 
necessary to establish the toxicity of these agents, and accordingly studies 
were carried out on laboratory animals. These were the first systematic 
investigations into the toxicology of trichothecenes and they have since been 
followed by numerous studies into various aspects of trichothecene toxicity.
The early toxicological studies carried out on the 'trichothecene 
antibiotics’ included LDso tests. The LDso is the median lethal dose of a given 
agent. It is usually defined in terms of the species tested and the route of 
administration of the agent. There is a large amount of interspecific and even 
interstrain variation in the susceptibility of animals to different xenobiotics. 
In addition LDso values can vary sharply with dosage route. Thus it may not be 
appropriate to test an agent that will be taken orally by intravenous 
administration. (IV) and vice versa. Therefore a great deal of care must be 
taken when interpreting LDso data. It must be borne in mind that the LDso is 
only a crude measure of toxicity. In general terms an agent can be regarded as 
being acutely toxic if it has LDso values below 100 mg of compound per kg 
bodyweight (Watson, 1985). However despite the limitations of LDso tests the 
subsequent pathological examination of animals may reveal important information 
about the effects of the test agent and its mode of action. The LDso values of
a number of trichothecenes are given in Table 2.2.
- 56 -
COMPOUND. LDso 
(mg/kg).
DOSAGE
ROUTE.
TEST
SPECIES.
REFERENCE.
Trichothecin <250 SC Rat Freeman, 1955.
*300 IV Mouse Freeman, 1955.
Crotocin <500 SC Mouse Glaz et al.r 1960.
<100 SC Rat Glaz et al.. 1960.
810 IP Mouse Glaz et al.. 1960.
>1000 Oral Mouse Glaz et al.. 1960.
700 IV Mouse Ueno, 1977.
Diacetoxyscirpenol 0.75 IP Rat Brian et al.. 1961.
7.3 Oral Rat Brian et al., 1961.
10.0 IV Mouse Loeffler et al.. 1964.
1.1 IV Dog Sato & Ueno, 1977.
1.0 IV Rabbit Sato & Ueno, 1977.
Scirpentriol 0.81 IP Rat Brian et al.. 1961.
Roridin A 1.0 IV Mouse Harri et al.. 1962.
Verrucarin A 1.5 IV Mouse Harri et al.t 1962.
0.5-0.75 IP Mouse Guarino et al., 1968
Verrucarin B 7.0 IV Mouse Harri et al.. 1962.
Trichodermin 500-1000 SC Mouse Loevens Kemiske Fabrike
>1000 Oral Mouse Produktionsaktieselskab, 
1964.
T-2 toxin 6.1 Oral Trout Marasas et al.. 1967
3.04 IP Mouse Yates et al.t 1968.
3.8 Oral Rat Kosuri, 1969.
Table 2.2 LDso values for various trichothecenes.
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COMPOUND. LDso 
(mg/kg).
DOSAGE
ROUTE.
TEST
SPECIES.
REFERENCE.
Nivalenol 4.0 IP Mouse Tatsuno,1968.
Deoxynivalenol 3.8 SC Dog Sato & Ueno, 1977.
46 Oral Mouse Sato & Ueno, 1977.
70 IP Mouse Ueno, 1977.
Pusarenon X 3.3 IP Mouse Ueno, 1977.
4.0 SC Mouse Sato & Ueno, 1977.
4.5 Oral Mouse Mirocha et al., 1980.
<5.0 SC Cat Sato & Ueno, 1977.
<0.1 SC Guinea pig Sato & Ueno, 1977.
HT-2 toxin 9.0 IP Mouse Ueno, 1977.
Neosolaniol 14.5 IP Mouse Ueno, 1977.
Table 2.2 cont. LDso values for various trichothecenes.
IP = intraperitoneal; IV = intravenous; SC = sub-cutaneous.
It can be seen from Table 2.2 that the trichothecenes vary greatly in 
their toxicity. Even if differences in species sensitivity and experimental 
protocol are taken into consideration, it is safe to say that trichothecin and 
crotocin appear to be much less toxic than the other compounds. However it 
would not be possible to grade the trichothecenes in order of toxicity on the 
basis of these figures, for the reasons stated above.
The trichothecenes have been found to have a number of toxic effects, some 
of which are common to most members of the group. Vith the exception of 
deoxynivalenol (DON) all trichothecenes appear to be dermal irritants (Mirocha,
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Pathre & Christensen, 1980). This aspect of trichothecene toxicity was first 
reported by Brian & McGowan (1946) when investigators came into contact with 
solutions containing glutinosin (a mixture of verrucarins A and B). The 
dermatitic activity of trichothecenes has been studied in detail, indeed 
bioassay systems have been developed which make use of the sensitivity of 
certain animals to trichothecene induced skin irritation (Gilgan, Smalley & 
Strong, 1966; Bamburg & Strong, 1969; Ueno et al.. 1970; Vei, Smalley & Strong, 
1972). It has been reported that it is passible to detect O.Olpg of T-2 toxin 
by means of a rabbit skin test (Chung et al.. 1974). Ueno et al. (1970) found 
guinea pig skin to be the most sensitive to trichothecene toxicity. In such 
tests a toxin solution is applied to an area of shaved skin and the skin 
response is noted over a period of days. The toxic response depends on the 
dose, the agent and the test species. The effect can range from the formation 
of red weals with a white centre, in response to a low dose (Chung et al.. 1974) 
to death (Joffe, 1971). At intermediate doses the following effects may be 
seen; local irritation, inflammation, desquamation and haemorrhaging.
Histological examination of the skin of T-2 toxin treated rats, revealed 
epidermal and subdermal necrosis, suppuration and hyperplasia of the 
surrounding tissue. Higher doses caused epidermal sloughing and coagulation 
necrosis with infiltration of polymorphonuclear leucocytes (Marasas et al..
1969). It is clear that trichothecenes are potent irritants, post mortem 
examination of dosed animals shows that signs of irritation can be found in 
other organs where non-topical routes of administration have been used (Ueno,
1983).
Oral administration of trichothecenes including: DON, deoxynivalenol 
monoacetate, DAS, HT-2 toxin, and T-2 toxin to mice, rats and chicks, has been 
shown to cause necrosis and haemorrhaging in the oral cavity and of the mucous
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membranes of the throat, stomach, and intestines (Smalley & Strong, 1974; Sato 
85 Ueno, 1977; Ueno, 1977; Mirocha, Pathre, & Christensen, 1980; Abbas et al..
1984). The formation of papilloma in the stomach of rats after dosing with T-2 
toxin may be another effect of irritation to mucosal epithelia (Ueno, 1977).
The gastro-intestinal tract appears to be particularly susceptible to 
trichothecene toxicity. Extensive intestinal haemorrhaging was found to occur 
in cattle after intramuscular injection of T-2 toxin (Kosuri, 1969).» Vomiting, 
diarrhoea and weight loss are commonly associated with trichothecene dosing, 
such symptoms have been recorded in a wide range of animal species including: 
ducks, chicken, rats, mice, guinea pigs, rabbits, pigs, dogs, cats, and monkeys. 
These effects are commonly elicited by trichothecenes of different types 
including: DON, deoxynivalenol monoacetate, DAS, fusarenon X, verrucarin A, HT-2 
toxin, and T-2 toxin (Rusch & Stahelin, 1965; Vesonder et al.t 1973; Kotsonis 
al.. 1974; Smalley & Strong, 1974; Ueno et al.. 1974; Sato & Ueno, 1977; Ueno, 
1977; Abbas et al.. 1984; Cote et al.. 1984). Feed refusal and weight loss or 
restricted weight gain have been recorded in studies where animals have been 
presented with trichothecene contaminated foods. Deoxynivalenol has been found 
to have a strong feed refusal potential (Forsyth et al., 1977; Vesonder et al.. 
1979; Burmeister, Vesonder 8s Kwolek, 1980; Cote et al.t 1984), studies have shown 
that pigs refuse feed contaminated with 0,3-2 ppm of the toxin (Trenholm 
et al., 1981; Trenholm et al.t 1984; Pollman et al., 1985). Mice, rats and pigs 
show reduced weight gain due to DON in the diet (Shuh, Liebetseder &
Glowischnig, 1982; Khera et al.. 1984; Trenholm et al.. 1984; Pollman et al..
1985; Morrisey 8s Vesonder, 1985; Morrisey, Norred & Vesonder, 1985; Forsell 
et al., 1985). Dietry DON was found to affect weight gain in female rats at 
levels as low as 0.25 ppm (Khera et alM 1984). These effects stem from a 
depression in the food conversion efficiency of dosed animals (mice, rats and
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pigs), cyr well as feed refusal (Pollman et alM 1985; Morrisey & Vesonder, 1985; 
Morrisey, Norred & Vesonder, 1985; Forsell et al.f 1985). Furthermore DON has 
been found to affect foetal development in mice. Dietry DON, given at a dose of 
20 ppm to pregnant mice, caused increased perinatal mortality and the birth of 
low weight offspring (Khera et al., 1984). While wo^gains in suckling mice 
and rats are reduced if lactating females are given DON in their diet (Khera 
et al.. 1984; Morrisey & Vesonder, 1985). Other trichothecenes have also been 
found to give rise to feed refusal and reduced weight gain, these include: DAS, 
fusarenon X, nivalenol, and T-2 toxin (Kotsonis et al.. 1974; Sato & Ueno, 1977; 
Ueno, 1977; Abbas et al.t 1984).
Trichothecenes have also been shown to have a number of haematological 
effects. Rats treated with T-2 toxin displayed increased blood clotting and 
prothrombin times, vascular permeability was also increased (Kosuri, 1969; 
Smalley et al.r 1970). The following compounds have been found to affect the 
blood cell counts of laboratory species: DAS, DON, fusar*A®A x, neosolaniol, 
nivalenol, T-2 toxin and verrucarin A (Sato Si Ueno, 1977; Ueno, 1983).
Verrucarin A was found to affect the leucocyte counts of various animals 
including: rats, rabbits, dogs, pigs, and monkeys (Rusch 8i Stahelin, 1965). Low 
doses increased the leucocyte count (leucocytosis), while higher doses reduced 
the leucocyte count (leucopaenia) and the thrombocyte count. Leucopaenia was 
also found to occur in guinea pigs fed on F. nivale extracts containing 
fusarenon X and nivalenol (Okubo & Isoda, 1967). DAS has also been reported to 
depress leucocyte numbers (Stahelin et al.. 1968). Further investigation showed 
that the observed leucopaenia. had been caused by toxin induced degeneration of 
the myelocytes in the bone marrow (Okubo 8i Isoda, 1967; Stahelin, 1968). T-2
toxin was found to induce leucopaenia in cats (Lutsky et al., 1978). However 
low level exposure to T-2 toxin, 0.5 - 5.0 ppm, resulted in leucocytosis and
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erythropaenia (reduction in red blood cells) in mice (Taylor, Reddy & Sharma, 
1985). At doses of 0.02 - 0.5 ppm an initial fall in the leucocyte count was 
followed by an increase in the count to above those recorded for controls. 
Deoxynivalenol has been shown to cause dose dependant leucopaenia in mice 
(Forsell et al.r 1986), particularly affecting lymphocyte and monocyte numbers, 
these falls were accompanied by an increase in polymorphonuclear neutrophil and 
erythrocyte numbers. In addition a dose dependant decrease in thymus weight 
was also observed. A similar effect was seen in mice treated with T-2 toxin 
(Taylor, Reddy & Sharma, 1985). Lymphocytes play a pivotal role in the body’s 
immune response as such any agent that adversely affects lymphocyte production 
would be expected to be immunotoxic.
A number of trichothecenes have been found to cause immunosuppression in 
chickens, mice, pigs, and monkeys (Ueno, 1983). Trichothecene induced damage to 
the bone marrow (Okubo & Isoda, 1967; Stahelin et al.. 1968) and thymus has 
also been demonstrated (Lafarge-Frayssinet et al.. 1979; Taylor, Reddy & Sharma, 
1985; Forsell et al.. 1986). The bone marrow is the organ that produces 
lymphocytes and the thymus activates T-lymphocytes which are responsible for 
cell mediated immunity. It can therefore be appreciated that gross damage to 
either the bone marrow or the thymus would have seriously affecttclthe immune 
response. DAS and T-2 toxin have been shown to increase skin graft rejection 
times (Rosenstein et al.t 1979) and reduce hypersensitivity reactions 
(Rosenstein, Kretschmer & Lafarge-Frayssinet, 1981; Taylor, Reddy & Sharma,
1985). Both tests indicate that cell mediated immunity has been depressed. In 
addition T-2 toxin reduces antibody (IgM) production in mice (Taylor, Reddy & 
Sharma, 1985; Forsell et al.. 1986). The precise mechanisms by which 
trichothecenes exert these effects and the full extent of trichothecene induced 
immunosuppression are still not fully understood.
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There is little clear evidence that trichothecenes are carcinogenic, long 
term feeding studies on rats and trout indicated that T-2 toxin is not 
carcinogenic (Marasas et al.. 1969). Tumours of various types were found in 
rats dosed with T-2 toxin (Schoental et al.. 1978) however the origin of these 
tumours is uncertain. Similarly epidemiological evidence is equivocal, a study 
of populations in the Transkei showed that oesophageal cancer rates were high 
in the region and that corn was often contaminated DON as a result of fusarial 
infection, however a link between oesophageal cancer and DON was not 
demonstrated (Marasas et al.t 1979).
2.3.3 TOXICOSES.
Since the discovery of trichothecin in 1948 a large body of knowledge has 
been accumulated detailing the toxic effects of trichothecenes and the 
distribution and occurence of toxigenic moulds. It has been possible using this 
information to demonstrate, with some certainty, that trichothecene 
contamination of food has led to outbreaks of disease in the past. Archive 
descriptions exist of incidents where illness was observed after mouldy food 
had been eaten by people or their livestock. From descriptions of the diseases 
seen and the type of mould contamination prevalent at the time it is possible 
to suggest that trichothecene poisoning had occurfed.
In 1891 Voronin reported a disease called ”Taum elgetreidd’ or staggering 
grains that affected both humans and livestock. The disease caused sickness 
and diarrhoea and bleeding in the gut. Mould contaminated food was implicated 
and fungi including: F. roseum. Gibberella saubinetti, Cladosporium herbarum and 
Helminthosporium sp. were identified as the possible culprits. It is now known
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that F. roseum can produce a range of trichothecene mycotoxins which could give 
rise to severe illness if ingested (Smalley et al., 1970; Abbas et al.. 1984). 
Similar disease outbreaks attributed to the consumption of mouldy grain 
products have been recorded in North America, Europe, the USSR, China, Korea and 
Japan (Ueno, 1977). The worst outbreaks of disease on record, that can be 
attributed to consumption of trichothecene contaminated food, occurred in the 
USSR in the 1940’s. The most severe outbreak recorded was in 1944 in the area 
around Orenburg (about 750 miles east of Moscow). ’’Enormous casualties” were 
reported and more than 10% of the population of the district was affected, many 
fatally. The disease was diagnosed as alimentary toxic aleukia (ATA), ie an 
illness that is caused by a toxin that affects the gut and also depresses the 
body’s leucocyte count. ATA has been known in Russia since before the turn of 
the century (Joffe, 1965). At the time of the Orenburg outbreak the source of 
the disease was not certain. However it was suspected that the disease arose 
because millet and other cereal grains available for consumption were heavily 
contaminated with a variety of moulds including species of Fusarium.
Penicillium. Alternaria. CladQSpora.ua, and Mucqr.- The fungal contamination had 
occulted because severe autumn weather had prevented the grain from being 
harvested, therefore it had to be left to overwinter in the fields through rain 
and snow. Joffe (1971), collaborating with Soviet scientists tested extracts 
obtained from numerous indigenous strains of Fusarium, Mucor, Penicillium. 
Alternaria. and Cladosporium. Many of the moulds were found to be toxigenic 
and so it was concluded that the ATA outbreaks were mycotoxicoses.
Subsequently trichothecenes, particularly T-2 toxin, produced by F. poae and 
F. sporotrichioides (now grouped together as F. tricinctum). have been 
implicated as being the most important factors in causing ATA (Joffe, 1971; 
Joffe, 1974; Yagen & Joffe, 1976). These moulds were found to produce most
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toxin when incubated at temperatures between 5' and 8 °C especially during 
periods of darkness (Joffe, 1974), thus it can be appreciated that the 
conditions of a Russian winter would favour toxin production in infected grain.
The symptoms of ATA follow a well defined course. The first symptom to 
be felt is a burning sensation in the mouth which spreads into the throat and 
stomach as food is swallowed. Vomiting, diarrhoea and abdominal pains then 
follow. In more severe cases ulceration and haemorrhaging of the mouth, 
oesophagus, stomach and intestines are seen. Furthermore the bone marrow may 
be affected causing leucopaenia and agranulocytosis. Subjects become weak and 
suffer numerous aches, pains and other maladies. Eventually blood vessels 
weaken, bleeding occurs along the length of the alimentary canal, nervous 
disorders are seen, hepatitis sets in and sufferers become prone to 
opportunistic infections. By this stage death may result from any of a number 
of causes (Joffe, 1974), Normally people would not eat food which elicited such 
extreme and obvious symptoms, however under the circumstances of deprivation 
that were prevalent in the USSR during the war years there may have been no 
alternative.
Other diseases that have affected humans in the past and that are now 
thought to be a trichothecene toxicoses include red-mould toxicosis and Akakabi 
disease. Red-mould and wheat scab are fusarial diseases of cereals.
Consumption of such diseased wheat, barley, oats and rye has long been 
associated in Japan with illness characterised by vomiting, diarrhoea, 
haemorrhaging in the gut, lungs and adrenals (Ueno et al.t 1971). Red mould 
disease is thought to be caused by trichothecenes from F. graminearum. while 
Akakabi disease is associated with nivalenol and fusarenon X from F. nivale 
(Tatsuno et al.t 1968; Ueno et al., 1971).
- 65 -
ATA, red mould toxicosis and Akakabi disease while affecting humans have 
also been found to affect livestock. As hygiene standards for animal feeds are 
not normally as high as those for human food, it would be expected that the 
risk to livestock of suffering trichothecene toxicoses is higher than that for 
humans. T-2 toxin has been implicated as the causal agent of a disease that 
resulted in the deaths of 20% of a dairy cattle herd in Wisconsin (Hsu et al.. 
1972). The mouldy corn that had been fed to the cattle contained 2 ppm of T-2 
toxin. While a number of trichothecenes from Stachybotrvs atra are thought to 
be responsible for stachybotryotoxicosis. This haemorrhagic disease has been 
found to affect cattle, horses, pigs and poultry in areas as widely separted as 
Finland, the USSR, the Balkan countries and Israel (Forgac & Carll, 1962; 
Rodricks & Eppley, 1974).
In the United States of America and Canada the refusal-vomiting syndrome 
has been found to affect pigs fed on Fusarium contaminated feed. Various 
fusarial species and trichothecenes have been isolated from contaminated feed. 
It has been suggested that this disease is caused by fusarenon X, nivalenol and 
T-2 toxin from F. poae (Ueno et al.. 1970; Ueno et al., 1971; Ellison & Kotsonis, 
1973; Kotsonis et al.. 1975). Deoxynivalenol is a more common contaminant of 
corn and has been found to give rise to feed refusal and vomiting in pigs 
(Ishii et al.. 1970; Vesonder et al.. 1973; Vesonder et al.. 1976; Forsyth et al..
1977). Scab or head blight of wheat, corn and barley caused by F. graminearum. 
has been found to give rise to DOT contamination of grain in North America 
(Vesonder et al.t 1973; Vesonder et al.. 1976; Cote et al.t 1984). This problem 
was particularly acute in 1928, 1957, 1958, 1964, 1965, 1980, 1981 and 1982 
(Ciegler, 1978; Cote et al.. 1984).
Surveys have shown that fusarial trichothecenes are frequent contaminants 
of cereals in the northern parts of the United States of America. DON, DAS and
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T-2 toxin have all been found at significant levels in grain or feed samples 
implicated in animal disease in a number of states from Ohio in the east to 
Nebraska in the west (Pathre & Mirocha, 1977). Deoxynivalenol was detected at 
levels of 0.5 - 10.7 ppm in 46% of preharvest corn samples taken from 26 
different farms in Ohio (Vesonder et al.t 1979). In Illinois levels of 0.1 - 
41.6 ppm were found in analysed grain (Cote et al.f 1984). DON (2.5 - 7.4 ppm) 
and nivalenol (4.8 ppm) have been detected in corn in France (Jemmali et al..
1978) and also in Japanese barley (7.3 ppm) (Morooka et al.. 1972). DAS (31.5 
ppm) has been found in German barley (Puls & Greenway, 1976). These data 
indicate that DON, DAS and T-2 toxin are the most frequently detected 
trichothecene contaminants of grain. F. tricinctum is probably the most 
frequently discovered trichothecene producing mould (Smalley et al.. 1970). The 
fusaria are thus the most important trichothecene producing genus as far as the 
natural occurrence of the toxins is concerned. It can be seen that trichothecene 
contamination of grain poses both a health and an economic threat to livestock 
rearing communities around the world.
Reports of the use of trichothecenes as chemical weapons in Indo-China 
came to the fore in the late 1970’s and early 1980's (New Scientist, 1981; 
Marshall, 1983). Samples obtained from Laos and analysed in the United States 
of America were found to contain nivalenol, DON and T-2 toxin. The toxins 
found in ’’Yellow Rain” were claimed to cause skin irritation, vomiting, massive 
haemorrhaging and death. Yellow rain residue has since been found to consist 
of bee faeces (Nowicke & Meselson, 1984) and there is considerable doubt over 
the origin of the toxin containing samples (Maddox, 1984).
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2.3.4 MOLECULAR MOLE OF ACTION.
Trichothecene toxicoses are characterised by injury to the actively 
dividing cells of the alimentary canal, thymus, bone marrow, spleen etc.. Ueno 
(1968) believed that these symptoms resulted from trichothecene induced 
disruption of the synthesis of macromolecules. Extracts obtained from samples 
of rice infected with F. nivale inhibited poly-U directed synthesis of 
polyphenylalanine in rabbit reticulocytes. Nivalenol. was identified as the 
active agent and was found to completely inhibit phenylalanine uptake at a 
concentration of 0.5 ppm (Ueno et al.t 1968). The effects of other 
trichothecenes on the uptake of 1*C-leucine by rabbit reticulocytes was 
investigated in a follow up study. Dose dependent inhibition of amino acid 
uptake was demonstrated for many of the fourteen trichothecenes tested 
including DAS, fusarenon X, HT-2 toxin, neosolaniol, and T-2 toxin. DAS, HT-2 
toxin and T-2 toxin displayed measurable activity at concentrations down to
30 ppb (Ueno et al.. 1969). Trichothecenes were also found to interfere with
amino acid uptake in Ehrlich ascite tumour cells (Ueno & Fukushima, 1968) and 
HeLa cells (Tatsuno,1968). These results suggested that trichothecenes disrupt 
protein synthesis at the sub-cellular level.
It was apparent at an early stage that trichothecenes had little or no
effect on bacteria. Trichothecin, crotocin, DAS, trichodermin, T-2 toxin, 
fusarenon X, and nivalenol had all been tested for activity against various 
bacterial species and none had shown any significant effects (Freeman & 
Morrison, 1949 a,b; Glaz et al.. 1959; Brian et al.. 1961; Loevens Kemiske Fabrik 
Praduktionsaktieselskab, 1964; Okuchi et al.. 1968; Bamburg & Strong, 1969b; 
Tatsuno,1968; Yamakawa & Ueno; 1970). However trichothecenes are toxic to fungi
- 68 -
(Freeman & Morrison, 1948; Glaz et alM 1959; Harri et al.. 1962), higher plants 
(Freeman, 1955; Burmeister & Hesseltine, 1970) and animals (Brian et al.. 1961; 
Harri et al.. 1962; Kosuri, 1969). Bacteria are prokaryotes whereas fungi, 
higher plants and animals are eukaryotes. Prokaryotes and eukaryotes differ 
significantly in the structure of their ribosomes. The prokaryotic ribosome has 
a sedimentary coefficient of 70S and consists of a 50S subunit and a smaller 
30S subunit, compared to the 80S eukaryotic ribosome with its 60S and 40S 
subunits. Ribosomes are responsible for protein sythesis therefore the 
difference in the toxicity of trichothecenes towards prokaryotes and eukaryotes 
indicates that these toxins specifically affect the eukaryotic ribosome.
Using radiolabelled trichothecenes it has been possible to show that each 
molecule of toxin can bind to one 60S subunit at its peptidyl transferase site 
(Barbacid & Vazquez, 1974; Vei et al.. 1974; Jiminez & Vazquez, 1975; Cannon 
et al.. 1976). All trichothecenes appear to be able to bind to free 
monoribosomes and will compete with each other to do so (Cannon et al.. 1976). 
The binding of trichothecenes to monoribosomes prevents them from taking part 
in protein synthesis. Therefore in effect at high doses all trichothecenes will 
prevent the initiation of protein synthesis by removing from circulation all the 
available monoribosomes. Compounds such as fusarenon X, T-2 toxin, and 
verrucarin A are able to bind to free monoribosomes but are excluded from the 
ribosomal receptor site by nascent polypeptide chains above a minimal size 
(Cannon et al.. 1976). Therefore in excess these toxins will mop up every free 
monoribosome. Furthermore as each ribosome with a nascent polypeptide chain 
completes the synthetic process and is released from its polyribosome it too 
will be mopped up by the excess toxin molecules. In this way these compounds 
cause polyribosome ’’run off” ie net conversion of polyribosomes to 
monoribosomes.
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Trichothecenes vary in their ability to bind to polyribosomes, or more 
specifically to ribosomes with nascent polypeptide chains. Trichodermin, 
trichodermol, trichothecin and crotocin are able to bind to ribosomes with 
nascent polypeptide chains and in doing so they prevent chain elongation and/or 
termination thus fixing the polypeptide chains and stabilizing polyribosomes 
(Carasco et al.. 1973; Cundliffe et al.. 1974; Schindler, 1974; Liao et al.. 1976). 
It has been suggested that trichodermol and DON prevent polypeptide chain 
termination (Cudliffe & Davies, 1977), however others claim that such toxins 
prevent elongation of polypeptide chains (Carter et al.f 1976). However it is 
not clear exactly how these toxins exert their effects on polyribosomes. 
Trichodermin, trichodermol and trichothecin bind to both free monoribosomes 
and to polyribosomes, however they show a greater affinity for free ribosomes. 
Thus at law concentrations they preferentially bind to free ribosomes and cause 
’’run off". While at high concentrations they stabilize polyribosomes preventing 
"run off”(Cannon et al.t 1976).
In terms of their binding affinity to polyribosomes trichodermol and 
verrucarin A may be regarded as opposite ends of a spectrum. The other 
trichothecenes, such as DAS and nivalenol display intermediate binding 
characteristics (Carter & Cannon, 1977). Generally compounds such as 
verrucarin A and T-2 toxin which do not stabilize polyribosomes are more toxic 
than those which do, such as trichodermol and trichodermin. However the
potency of trichothecenes as protein inhibitors varies greatly and according to 
the test system used. In cell free systems DAS at high concentrations is a 
more potent inhibitor of protein synthesis than T-2 toxin. T-2 toxin prevents 
free monoribosomes from taking part in protein synthesis but allows 
polyribosomes carrying nascent polypeptide chains to continue elongation and 
termination. DAS at high concentrations prevents both initiation and elongation
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thus stopping almost all protein synthesis (Carter & Cannon, 1977). In yeast 
spheroplasts verrucarin A was found to be a more potent inhibitor of protein 
synthesis than either DAS or trichodermol, furthermore its effects were 
irreversible whereas those of the other two toxins were not (Hernandez &
Cannon, 1981). In HeLa cells however both T-2 toxin and DAS had irreversible 
effects (Liao et al., 1976). DAS has been reported to be 20 times more active 
in whole cells than in cell free systems (Ueno et al.. 1973). Fusarenon X shows 
no effect in yeast spheroplasts as it does not enter cells (Cannon et al..
1976). These inconsistancies of effect may be due to trichothecene interactions 
with other cell functions, it is known that certain trichothecenes interact with 
cell membranes and this may affect their potency as inhibitors of protein 
synthesis (Ueno et al.. 1973; McLaughlin et al.. 1977; Hernandez & Cannon, 1981). 
These factors complicate interpretation of results however it has been possible 
to establish some of the structural requirements for trichothecene toxicity.
It is clear that the 9,10-double bond and the 12,13-epoxide group play an 
important role in the interaction between trichothecenes and the peptidyl 
transferase site on the ribosome (Vei & McLaughlin, 1974; Carter & Cannon,
1977). The presence of nascent polypeptide chains on polyribosomes markedly 
affects trichothecene binding. Trichodermol and verrucarol appear to be able to 
bind to most ribosomal units (Cannon, Jiminez & Vazquez, 1976; Cannon, Smith & 
Carter, 1976). In structural terms these are the among the simplest of the 
trichothecenes, having few substituents. It would appear that substitution at 
C-15 (see Fig. 2.4) is particularly important in this respect, those with no 
substituent such as trichodermin, trichodermol, and trichothecin appear to be 
only slightly hindered in their binding to the peptidyl transferase centre by 
the presence of nascent polypeptide. Verrucarol which has a hydroxyl group at 
C-15 binds more readily to polyribosomes than fusarenon X or T-2 tetraol which
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also have a hydroxyl group at C-15 but are more heavily substituted at other 
positions (Fig. 2.10). Therefore it appears that substituents at C-3, C-4, and 
C-8 also affect the trichothecene peptidyl transferase interaction significantly. 
Ehrlich and Daigle (1985) found that the hydroxyl group at C-3 in T-2 toxin 
played an essential role in the compound’s toxicity. T-2 toxin derivatives 
lacking this hydroxyl group were markedly less active as protein synthesis 
inhibitors, in Vero and mouse erythroleukemia cells, than T-2 toxin. The extent 
to which different substitutions affect trichothecene toxicity and the role they 
play is still not clear however the importance of certain groupings is 
beginning to emerge.
Studies have shown that trichothecenes can inhibit DNA synthesis (Ueno 
et al.. 1971; Schoental & Joffe, 1974; Sato et al.. 1975; Ueno, 1977; Lafarge- 
Frayssinet et al., 1981). Hartman (1977) attributed inhibition of DNA synthesis 
in mouse spleen lymph&c^ be£ to a knock on effect from the inhibition of protein 
synthesis, ie DNA synthesis being impaired by a loss of crucial enzymes. 
Lafarge-Frayssinet et al. (1981) showed that T-2 toxin induces single strand 
breaks in DNA in lymphoid tissue, and suggested that this may be caused by an 
increase in the presence of hydrolytic enzymes and DNAases in treated cells. 
Studies have failed to show that trichothecenes affect bacterial DNA in a 
similar way (Ueno, 1977; Umeda, 1977). Therefore the observed damage to DNA 
could be a consequence of inhibition of protein synthesis, as the resulting 
disruption of cellular upkeep stimulates degenerative processes within the cell.
It has been suggested that the glutathione systems in the liver protect it 
to some extent from trichothecene damage (Lafarge-Frayssinet et al.. 1981). 
However other organs such as the thymus and bone marrow are not protected in 
this way and that they are thus prone to toxic damage. The breakdown in 
protein synthesis in these cells would affect lymphocyte production and
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this way and that they are thus prone to toxic damage. The breakdown in 
protein synthesis in these cells would affect lymphocyte production and 
activation and thus it can be seen that the immunosuppressive effects of 
trichothecenes are understandable. Similarly breakdown in protein synthesis 
would affect enzyme production and thus cellular upkeep, therefore tissue 
necrosis would ensue from contact with trichothecenes. However we are far from 
understanding fully how trichothecenes exert their toxic effects.
2.3.5 ASSAY METHODS.
Methods for quantifying trichothecenes can be divided into two categories, 
physico-chemical methods and biological methods. The physico-chemical methods 
include thin layer chromatograph (TLC), high performance liquid chromatography 
(HPLC), gas-liquid chromatography (GLC) and gas liquid chromatography allied to 
mass spectroscopy (GC/MS). The biological methods include a host of different 
bioassays and also certain immunoassay techniques.
Physico-chemical Assays.
Trichothecenes do not show any characteristic 
absorption in either the ultraviolet or infra-red regions of the spectrum. 
Therefore spectroscopic assay methods have not been succesfully developed for 
this group of compounds (Bamburg & Strong, 1971). NMR has been used to study 
the chemical structure of trichothecenes, however very pure samples are needed, 
the instrumentation is expensive and its use demands highly skilled technicians 
therefore it is not a suitable technique for routine assay purposes.
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Trichothecenes can be isolated from ethyl acetate or chloroform extracts 
by TLC on silica gel. However trichothecenes lack extended conjugation and 
therefore do not absorb in the ultraviolet region. This makes visualisation of 
spots on plates difficult. This can be overcome by spraying plates with any of 
the following: concentrated sulphuric acid; p-anisaldehyde; 4(p-nitrobenzyl)- 
pyridine, a mixture of concentrated sulphuric acid and aluminium chloride 
(20%/20%) and then heating them for a few minutes at 110* to 120*C (Scott 
et al.. 1970, Takitani et al., 1979; Hoffman, 1980; Kamimura et al.. 1981). Ueno 
et al. (1973) found that compounds lacking a,J3-enone system such as HT-2 
toxin, neosolaniol, T-2 tetraol and T-2 toxin give rise to blue fluorescent 
spots when viewed under ultraviolet light (356 nm). The spot colours and Rf 
values for a number of different trichothecenes are shown in Table 2.3.
TRICHOTHECENE
Hssoa
COLOUR
p-ANISALDEHYDE 1
Rf
2
VALUES
3 4 5
T-2 toxin Grey (F) Purple (F) 0.229 0.364 0.528 0.620 0.410
HT-2 toxin Grey (F) Purple (F) 0.023 0.029 0.101 0.277 0.125
Neosolaniol Grey (F) Purple (F) 0.037 0.080 0.188 0.344 0.152
T-2 tetraol Grey (F) Purple (F) 0.000 0.000 0.000 0.064 0.021
DAS Purple Purple 0.187 0.311 0.474 0.595 0.373
Deoxynivalenol Yellow/Brown Canary Yellow 0.015 0.014 0.066 0.293 0.157
Fusarenon X Brown Canary Yellow 0.030 0.066 0.170 0.400 0.250
Solvent systems: 1 Chloroform/methanol (98:2); 2 Chloroform/methanol (97:3);
3 Chloroform/methanol (95:5); 4 Benzene/Acetone (3:2)
5 Toluene/Ethyl acetate (1:3) (From Pathre & Mirocha, 1977). 
Table 2.3 TLC characteristics of selected trichotehecene mycotoxins.
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In order to clean up extracts it may be necessary to run extracts on 
silica gel plates using petrolium ether/diethyl ether/glacial acetic acid 
(70:30:2) to remove interfering lipids etc., trichothecenes remain at the origin 
and so can be rechromatographed in a different solvent system (Mirocha &
Pathre, 1973; Szathmary et al.. 1976). The use of a sulphuric acid spray either 
with or without aluminium chloride has been used to visualise trichothecenes in 
a number of studies (Patterson & Roberts, 1977; Robb & Norval, 1983; Buckle & 
Pimbley 1982) and it has been found that it is possible to detect the compounds 
listed in Table 2.4. Buckle and Pimbley (1982) found that two dimensional TLC 
using trichloroethane/isopropanol/ethyl acetate (95:5:5) as the solvent for the 
first run and toluene/acetone/methanol (50:30;20) for the second run enhanced 
resolution of T-2 toxin and DAS in extracts. The detection limits for various 
trichothecenes using TLC are shown in Table 2,4.
TRICHOTHECENE DETECTION LIMIT (pg/spot)
Crotocin 0.025 - 0.2
Deoxynivalenol 0.020 - 0.2
DAS 0.2
Fusarenon X 0.025 - 0.2
HT-2 toxin 0.025 - 0.2
Neosolaniol 0.070 - 0.1
Nivalenol 0.025 - 0.2
Roridin A 0.1
T-2 toxin 0.025 - 0.2
Table 2.4 Detection limits for trichothecene mycotoxins using TLC 
(U.K. Government Working Party on Mycotoxins, 1981).
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A relatively recently developed method of analysis used in the detection 
of trichothecenes is high performance liquid chromatography (HPLC).
Derivatives of the toxins are prepared and these are then detected by changes 
in the refractive index or by fluorescence (Schweighardt et al.t 1980; Schmidt 
et al.. 1981; Ware & Thorpe, 1981). Using HPLC it has been possible to detect 
deoxynivalenol, DAS, HT-2 toxin and T-2 toxin at levels of 50 ppb in animal 
feeds (Vare & Thorpe, 1981), however samples require considerable clean-up and 
these methods require skilled personnel and expensive equipment.
Probably the most accurate and sensitive physico-chemical method for 
detecting trichothecenes involves the use of gas liquid chromatography coupled 
with mass spectroscopy (GC/MS). Essentially GLC is used to separate out the 
different components of a sample and these are then analysed and identified by 
mass spectroscopy. It is important that an appropriate derivatizing agent is 
selected for each extract. TMS or HFB derivatives of the trichothecenes are 
required for the initial gas liquid chromatography (Bamburg, 1969; Ikediobi 
et al.t 1971; Pathre & Mirocha, 1977; Scott et al.. 1981). As fractions elute off 
the column they can be analysed by the mass spectrometer. It is possible to do 
this in a number of ways. The crudest method is to to scan each componant as 
it elutes from the column, this method although useful for confirming the 
presence of toxins suffers from interference by co-eluates. A second method is 
to continuously scan producing mass spectra at regular intervals (approx. 7s).
A great deal of data is generated and sophisticated computer analysis is 
required to search for recognisible fragmentation patterns. If the 
fragmentation pattern of a particular trichothecene is known it is possible to 
programme the computer to produce a profile of the intensities of preselected 
ions against time while the instrument is in the continuous scanning mode, this 
is known as selected ion monitoring (SIM). SIM is used to analyse complex
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samples for particular compounds (Mirocha et al.. 1976; Mirocha et al.. 1980). 
Using GC/MS it is possible to detect extremely low levels of toxins eg T-2 
toxin at 5 ppb in corn (Collins & Rosen, 1981) and deoxy«vvalenol at 3 - 7 ppb 
in wheat (Scott et al.. 1981). This technique requires the use of extremely 
sophisticated computerised instrumentation and as such needs skilled personnel 
to use it. It is extremely expensive in terms of cost and time, as such very 
few laboratories could be equipped with GC/MS and it would be impossible to use 
it for routine analysis of large numbers of samples (Abbas et al.. 1984)
Biological Assays.
The dermatitic response assay or skin irritation test was 
the first routine assay for trichothecenes. Toxicity studies on laboratory 
animals had demonstrated that a wide range of trichothecenes when applied to 
the skin could elicit symptoms ranging from slight inflammation of the treated 
area to severe haemorrhaging and even death (Freeman, 1955; Glaz et al.t 1960; 
Brian et al.. 1961; Gilgan et al.. 1966; Bamburg & Strong, 1968a, 1969). The 
ability of trichothecenes to elicit a dermatitic response was utilised in the 
development of the skin irritation test. Toxins or suspect extracts were 
dissolved in a small amount of solvent and applied to the shaved skin on the 
back of rats, mice, rabbits and guinea pigs. The appearance of the treated skin 
was monitored daily and it was discovered that the guinea pig was the most 
sensitive species, responding visibly to as little as 0.2 pg of DAS, HT-2 toxin 
and T-2 toxin. It was found that T-2 toxin at a level of 0.05 - 0.1 pg could 
induce a detectable response in rats, ie red weals with a white centre at the 
point of application (Vei et al.. 1972), while 0.01 pg could be detected using 
rabbits (Chung et al.. 1974). These methods have been used to detect DAS, 
fusarenon X, HT-2 toxin and T-2 toxin in contaminated materials (Chung et al..
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1974; Vatson & Lindsay, 1982). Dermatitic response assays are slow, in the 
region of 3 - 5 days, to produce results and are prone to the variable response 
of individual animals, in addition they are expensive in terms of cost and 
manpower and inhumane. Therefore alternative assay systems have long been 
sought.
The effects of trichothecenes on the development of chick embryos were 
studied by Hacking et al., 1977. Freshly laid eggs were injected with solutions 
of toxins and the fate of the embryos monitored. The LD&o for DAS was 0.16 pg 
egg-1 while that for T-2 toxin was 3.00 pg egg-1. The hatching period for 
chicks is about nineteen days therefore as the ratio of live hatchings to 
premature death is recorded this is an extremely slow assay method.
Furthermore since many agents including other mycotoxins are toxic to chick 
embryos this method is too unspecific for use as a method of analysis.
A number of investigators have developed simple bioassays based on the 
susceptibility of brine shrimp larvae (Artemia salina) to trichothecene 
mycotoxins (Harwig & Scott, 1971; Eppley 1974; Durackova et al.. 1977; Hacking 
et al.. 1977; Siegfried, 1979; Bijl, 1981). Larvae were harvested from eggs 
transferred to a growth medium and distributed in preset numbers into suitable 
vessels such as the wells of leucocyte migration plates. They were then treated 
with toxins either as extract solutions or on filter paper discs and the 
cultures incubated for a given period. At the end of this period the cultures 
were examined by microscope and the proportion of dead larvae noted. In this 
way it was possible to ascertain the response of brine shrimp larvae to 
different trichothecenes and thus assay samples. Using these methods it was 
possible to detect DAS and T-2 toxin at levels of 0.25 ppm (Eppley, 1974) and 
trichothecin at 1.15 ppm (Bijl et al.. 1981). Similar methods developed
using the water flea Daphnia magna however this species appears to be less
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sensitive than the brine shrimp to trichothecenes (Jacquet & Boutibonnes, 1970; 
Boutibonnes & Jacquet, 1971; Bijl et al., 1981). These assays are cheap and 
simple to use however they suffer from a number of drawbacks: they are 
unspecific, brine shrimp are also susceptible to aflatoxins, patulin, 
ochratoxins, gliotoxin, kojic acid .sterigmatocystin, rubratoxin, and tenuazonic 
acid (Vatson & Lindsey, 1982); they are prone to interference from fatty acids 
which may be present in extracts (Curtis et al., 1974); they can take upto 48 h 
to produce results.
The protozoon Tetrahvmena pvriformis has been successfully used to detect 
trichothecenes (Bijl et al.t 1981). Cultures were synchronized by heat shock, 
treated with toxin solutions and incubated for 2 h 30 m. At the end of this 
period the cells were examinied far loss of motility. Using this method it was 
passible to detect DAS at a level of 0.017 - 0.037 ppm and trichothecin at 
<0.1 ppm. Mon-synchronous cultures can be used but this increases the 
incubation period to 8 h. The protozoon Colpidium campvlum was also studied by 
Bijl et al. (1981) but was found to be a less satisfactory test organism because 
its required test period was two days and there was no gain in sensitivity. 
Previous studies had shown that sensitivity of T. pvriformis for certain 
trichothecenes was low and selectivity poor (Ueno & Yamakawa, 1970; Sato &
Ueno, 1970) in addition the organisms were difficult to maintain.
The phytotoxic effects of trichothecenes were studied in detail by Brian 
et al. (1961). The results obtained in this study suggested that the phytotoxic 
effects of trichothecene may be used to develop an easy assay method 
(Burmeister & Hesseltine, 1970). It was found that pea seed germination could 
be inhibited by 0.5 ppm of T-2 toxin, however this effect was not sufficiently 
selective for use as a routine assay method (Pathre & Mirocha, 1977).
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Various studies have revealed that, with the exception of verrucarin A 
(Harri et al.. 1962), trichothecenes show no appreciable activity against 
bacteria. The compounds tested include: trichothecin which showed no 
significant effects agains several bacterial genera (Freeman & Morrison, 1948 
a,b); crotocin (Glaz et al., 1959); DAS, trichodermol and diacetylverrucarol 
(Brian et al.. 1961; Okuchi et al.. 1968); nivalenol and fusarenon X (Tatsuno 
et al., 1968; Yamakawa & Ueno, 1970); T-2 toxin which showed no effect against 
32 different bacterial species (Burmeister & Hesseltine, 1970; Reiss, 1975). 
Verrucarin A only showed slight effects against gram negative bacteria and none 
against gram positive bacteria and mycobacteria (Harri et al.. 1962). Therefore 
no bacterial assays have been developed to detect trichothecenes.
The initial interest in trichothecenes derived from their antifungal 
activity (Freeman & Morrison, 1948). Trichothecin was found to affect the 
growth of both yeasts and moulds inlcuding: Saccharomvces cerevi^>^
Candida albicans and species of Penicilliuffi, Asperg illus, Fusarium, Mu.cqe and 
Trichothecium. A range of trichothecenes including crotocin, DAS, 
diacetoxyverrucarol, roridin A and verrucarin A were reported to have antifungal 
effects. Verrucarin A appeared to be the most potent at the time as it 
inhibited the growth of Candida albicans at a level of 0.5 ppm (Bamburg & 
Strong, 1971). Burmeister and Hesseltine (1970) found that growth of species 
of Rhodotorula. Saccharomvces. Mucor. and Penicillium on agar was inhibited by 
50 pg of T-2 toxin on filter paper discs. Thus it appeared that the potential 
existed for a bioassay of trichothecenes to be developed using fungi as 
indicator organisms despite the lack of interest shown by microbiologists at 
the time.
Tissue culture techniques were first employed by Godtfredsen and Vangedal 
(1965) to study the mode of action of trichothecin. Since then tissue culture
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has been extensively used to study the mechanisms of trichothecene toxicity 
(see Section 2.3.4). However various workers have used similar techniques for 
assay purposes. Probably the first example of this was provided^the rabbit 
reticulocyte assay, in which the effects of toxins on the uptake of 1AC-leucine 
by rabbit reticulocytes was measured (Ueno et al.f 1969, 1971, 1973). While 
this system provided useful information on the effects of trichothecenes on 
protein synthesis (Section 2.3.4) it also allowed for the assay of DAS, HT-2 
toxin, neasolaniol and T-2 toxin to levels of 30 ppb. This assay was both 
sensitive and selective but required expensive materials, a well furnished 
laboratory and considerable technical expertise to carry out. However the 
results obtained suggested that cytotoxicity tests were potentially useful for 
assay purposes, A number of different cell types have .been used in the search 
for a cytological assay system these include: HeLa cells (Saito et al.. 1971: 
Taniguchi & Sekita, 1974: Ohtsubo & Saito, 1977 ); Ehrlich ascite tumours cells 
(Ueno, 1977); baby hamster kidney cells (Pathre & Mirocha, 1977); human 
fibroblasts (Agrelo & Schoental, 1980; Abbas et al., 1984); human epeithelial 
and Chang cells (Robb & tforval, 1983); epithelial and fibroblast cells from 
various sac.n^ alian species (Thompson & Vannemacher, 1984); mouse fibroblasts 
(Abbas et al., 1984). The most sensitive assays appear to be the baby hamster 
kidney assay with limits of detection of 12 ng for DAS, 6 ng for HT-2 toxin and 
12 ng for T-2 toxin, and the human epithelial and Chang cell assays which in 
combination can be used to detect 1.0 ng or less of the following 
trichothecenes: DAS, HT-2 toxin, roridin A, T-2 toxin, and verrucarin A (Robb & 
Norval, 1983) indeed it is claimed that human epithelial cells could be used to 
detect 0.0001 ng of roridin A. Toxicity in these tests is shown by disruption 
to cell layers and alterations in cell appearence. Abbas et al.. 1984 used 
mouse fibroblast cultures in parallel with rat feeding and dermal toxicity
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studies to test suspect extracts for toxicity. Good correlations were obtained 
between the cytological tests and the skin irritation tests. The techniques 
used seemed to be suited to demonstrating the presence of toxins in field 
samples but not for identification or quantification, toxins were ultimately 
identified using GC/MS. Both Robb and Norval (1985) and Abbas et al (1984) 
state that clean up of samples using TLC is required prior to testing. Thus 
while these systems are relatively quick, cheap, sensitive and selective 
extensive clean up procedures are needed for the analysis of field samples.
Work on immunoassays for trichothecene mycotoxins started in the late 
1970’s in response to the lack of adequate physico-chemical assays (Chu et al..
1979). Early studies on enzyme linked immunosorbent assay (ELISA) and radio 
immuno assay (RIA) indicates that these techniques are potentially rapid, 
sensitive, specific and easy to use (Lee & Chu, 1981; Chu, 1984; Glendloff et al.t
1984). As such they offer a great deal of promise, provided a separate 
antibody is not required for each toxin.
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2.4 ESTIMATION OF MICEOBIAL ACTIVITY BY KEANS 
OF ELECTRICAL MEASUREMENT.
Microbiologists have long sought means of obtaining reliable quantitative 
information on the growth and metabolic activity of microorgansims. Fresh 
impetus has been given to the development of automated methods of assessing 
microbial activity by recent advances in technology. Improvements in 
electronics have allowed scientists to study various aspects of microbial 
growth that were hitherto difficult to explore. The use of electrical 
measurements to monitor microbial activity is a case in point. Sophisticated 
electronic measuring devices coupled with the latest in computer technology 
have made it much easier to study the electrical activity of microbial cultures, 
and because of this great strides have been made in this area in recent years. 
However despite the limitations of the technology available to them scientists 
have been making investigations into the use of electrical measurements to 
monitor biological activity for nearly a century.
2.4.1 THE ORIGINS OF IMPEDIMETRY.
Towards the end of the nineteenth century Stewart (1899) developed a 
method which allowed him to measure the changes in conductivity, over a period 
of days, of bacterial cultures and defibrinated dogs’ blood and serum. He found 
that patterns in the changes in conductivity measured were similar to bacterial 
growth curves, ie conductivity increased with time reaching a constant maximum 
level. At the end of the experimental period samples were saturated with
sporulating bacteria. Stewart found that the concentration of ammonium ions, 
amines and fatty acids increased during the course of the experiments in 
parallel with the measured increases in conductivity. Therefore he suggested 
that bacterial growth had given rise to the formation of ions which, resulted in 
the observed increases in the conductivity of the samples. He had thus found 
an indirect method of measuring bacterial growth, a method which could possibly 
be adapted to differentiate between microbial species. Despite the promising 
start provided by Stewart, progress in this field was fitful. No new findings 
were published until the late 1920’s.
Parsons & Sturges (1926, a,b) studied the effect of clostridial growth on 
the conductivity of different media, including nutrient gelatin, peptone media 
and milk. They found that conductivity increased as proteins were broken down 
to simpler molecules, amino acids, ammonium ions, and ammonia. These findings 
were backed up by the work of Allison, Anderson & Cole (1938) who studied the 
effects of the growth of Pseudomonas fluorescens. and an isolate from rancid 
cream on conductivity, they too observed increases in conductivity with 
increases in detectable ammonia. They also found that lactic acid production, 
by Lactobacillus sp. growing in milk, was linked with an observed increase in 
conductivity. The growth of Streptococcus lactis in milk was also found to 
lead to a rise in its conductivity (McPhillips & Snow, 1958), this again was 
linked to an increase in the concentration of lactic acid present until 
coagulation occurred when conductivity levelled off but lactic acid concentration 
continued to rise. McPhillips & Snow (1958) suggested that monitoring the 
conductivity of milk might be a useful way of following the ionic equilibrium of 
milk during cheesemaking and for monitoring acid production by starter 
cultures. However despite their suggestions for practical applications for the
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techniques they used, no further developments were recorded in this field for 
over a decade.
It was the 1970’s that saw the burgeoning of interest in impedimetry as a 
means for studying biological processes. Ur (1970) developed an impedimetric 
method for monitoring the clotting of blood. Two cells were prepared, an 
experimental cell containing blood and a reference cell containing matched blood 
plus an anticoagulant, heparin. By comparing the electical activity of the two 
cells using a bridge circuit it was possible to isolate the effect of the 
clotting process on the electrical properties of blood. Any differences in 
impedance between the two samples could only be due to the clotting process as 
that was the only process unique to one sample. Ur recorded a sharp fall in 
impedance followed by a gradual rise. Clotting was observed within 30s of the 
minimum recorded impedance level. Ur (1970) suggested that these or similar 
techniques could be of use to microbiologists and immunologists. Ur went on to 
develop the first commercially manufactured impedimeter, the Strattometer (Ur & 
Brown, 1975), later renamed the Bactobridge. Ur’s contribution to impedimetry 
can, in retrospect, be seen to have been pivotal. Interest and work in this 
field increased rapidly after the publication of his initial findings. In a 
strict sense impedimetry started with Ur, as he monitored impedance in his 
studies rather than conductivity which Stewart (1899), Allison, Anderson & Cole 
(1938) and McPhillips and Snow (1958) had monitored in their earlier 
investigations.
2.4.2 IMPEDANCE MICROBIOLOGY.
Impedance can be defined, as the resistance to the flow of an alternating 
current through a conducting material. This can be expressed in the following 
way:
Where Z represents impedance; G, conductance; f, frequency of the 
alternating current; C, capacitance (Eden & Eden, 1984).
Microbial activity can affect both the conductance and the capacitance of 
a medium, but not the frequency of the current supply. Capacitance is a measure 
of the capacity of a system to store electrical charge. Charge tends to be 
stored at the interface between the surface of the electrodes and the sur<Sunding 
medium. Charge storage is affected by the material from which the electrodes 
are made and the way it interacts with the medium it is in contact with. It is 
known that pH has an effect on capacitance but little else is clearly understood 
about the way in which microbial activity could affect the capacitance of a 
medium. Conductance is a measure of the movement of ions resulting from the 
imposition of an electrical field on an electrolyte solution, such as a 
microbial culture. The movement of ions in respofevf-fc'. to the application of an 
electrical field is governed by their charge, size and mobility. Thus microbial 
metabolism can affect conductance directly by altering the ionic composition of 
the medium. Salts may be taken up or excreted; amino acids may be absorbed 
from the medium for the purpose of protein systhesis or they may be excreted 
after protein breakdown; fermentation could lead to the production .of charged 
products such as acetic acid; a host of metabolic processes could take place 
which would affect the ionic balance of a culture. Different processes occurring
Z +
2
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simultaneously may have opposing effects on the impedance of a culture, however 
a net increase in the ionic content of the medium, resulting from microbial 
metabolism, would tend to reduce the impedance of the culture, while a net 
reduction in ions would tend to cause impedance to rise. The impedance profile 
of a sample may include phases where the recorded impedance rises and those 
where it falls as different biological processes come into play, as is shown by 
Ur’s initial findings (Ur, 1970).
2.4.3 IB'STRUKENTATION.
The instruments manufactured commercially by Bactomatic; the Bactometer 
B32, and X120 (Bactomatic inc., Princeton, U.J., U.S.A.) and Malthus; Malthus 8 
and 128 (Malthus Instruments Ltd., Stoke-on-Trent, U.K.) can be regarded as 
having evolved from the Bactobridge of Ur & Brown (1975). The Bactometer B32 
(Cady, 1975; Cady et al.r 1978), like the early impedimeter of Ur (1970), 
measures the impedance in experimental wells aswell as in corresponding 
reference wells, it then compares the values of experimental and reference 
samples, and records the relative impedance of the samples. Thus if identical 
samples are loaded into both experimental and reference wells then the 
Bactometer B32 will record no impedance change at all, as any impedance changes 
that occur in the experimental wells will be matched by those occurring in the 
reference wells. The relative impedances would continue unaltered and as such 
the instrument would in these circumstances be blind to any biological activity 
taking place inside the wells. As its name suggests, the Bactometer B32 can be 
used to monitor the impedance of 32 samples simultaneously. The instrument has 
a self-contained incubator which can accomnW^be four disposible plastic modules,
- 87 -
each with the capacity to hold eight experimental samples with their 
corresponding reference samples (a more detailed description is given in 
section 2.7). Impedance changes are recorded on paper charts. Bactometer went 
on to develop the more sophisticated Bactomater M120 which has the capacity to 
analyse 128 samples simultaneously. It has computer facilities which makes 
more detailed analysis of biological activity possible. The impedance profile 
of a sample can be used for analysis, but in addition this profile can be split 
to show the conductance and capacitance componants of the signal seperately 
(Firstenburg-Eden 1983; Eden & Eden 1984).
The Malthus 8 and 128 differ from the Bactometers in that although 
impedance is measured, conductance profiles of biological activity are recorded. 
This is made possible by the use of platinum electrodes which reduce the 
capacitance of the systems greatly. The impedance signals obtained are 
processed to remove the capacitance componant and only the conductance is 
recorded. The Malthus system is far more sensitive to temperature fluctuations 
than the Bactometer and as such precise temperature control is needed. To 
achieve this larger samples are used than for the Bactometers and these are 
analysed in reusable glass sample chambers, into which the platinum electrodes 
are immersed, these are then placed in high quality water baths designed to 
maintain an even temperature. The Malthus instruments are still impedimeters 
in that impedance is measured initially, however it is possible to monitor 
biological activity using other electrical parameters.
Indeed Wilkins, Stoner & Baykin (1974) studied microbial growth by 
measuring the liberation of hydrogen by cultures. Platinum will catalyse the 
conversion of molecular hydrogen (Hz) to hydrogen ions <H^ ). Therefore if 
platinum and calomel electrodes are immersed into a culture, hydrogen ions will 
be formed from hydrogen molecules, excreted by microoganisms, in the region of
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the platinum electrode. This would not occur at the opposing calomel electrode, 
and so the readings from the two electrodes would differ making it possible to 
monitor hydrogen production and by extension microbial growth. Wilkins, Stoner 
& Baykin (1978) went on to develop an eight channel hydrogen sensing 
instrument.
2.4.4 APPLICATIONS OF IMPEDIMETRY.
It can be seen that a number of different approaches have been employed in 
various studies over the years. The earlier investigators; Stewart (1899),
Parsons & Sturges (1926 a & b), Allison, Anderson & Cole (1938) and McPhillips 
& Snow (1958) all monitored microbial activity by measuring the changes in the 
conductivity of samples. Later investigators have used other parameters; Ur & 
Brown (1975), Cady (1975) and Cady et al (1978) all monitored biological 
activity by making impedance measurements. Firstenburg-Eden (1983), and Eden & 
Eden (1984) were able to split the impedance signal they obtained into its 
components; conductance and capacitance and as a result make use all three 
parameters in their studies. Richards et al. (1978) measured conductance in 
their investigations and Wilkins, Stoner & Baykin used a hydrogen sensing 
technique. However all the methods employed give a similar pattern of results 
with similar sigmoidal growth curves. Initially there is a period during which 
there is no measurable change in the electrical activity of samples. The length 
of this period, the detection time, has been found to be inversely proportional 
to the initial inoculum level (Ur & Brown, 1974; Wilkins, Stoner & Baykin, 1974; 
Cady, 1975, Cady et al., 1978; Wood, Leach & Jarvis, 1978; Sorrells, 1981; 
Williams & Wood, 1982). The chemistry of growth media is constantly changing
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while microorganisms take up nutrients and excrete waste products, these 
changes may affect the electrical characteristics of samples. All measuring 
devices are limited in sensitivity, therefore microbial activity has to reach a 
threshold level where the electrical characteristics of samples have been 
changed to a measurable degree. As such instruments detect no change in the 
electrical activity of samples until there are sufficient numbers of 
metabolising organisms present. The time taken for cultures to generate the 
threshold number of organisms will thus be inversely proportional to the 
initial inoculum level. Detection times vary according to the initial inoculum 
level, the microbial species and the medium used (Ur & Brown, 1974; Cady et al.. 
1978; Sorrells, 1981), bacteria tend to have shorter detection times than yeast 
or moulds which may have detection times of days.
The fact that the initial inoculum level affects detection times makes it 
possible to use electrical measurement to estimate the micobial content of 
foods, environmental and medical samples. Impedimetry has been used to detect 
bacteria in the following foods; raw meat (Wood, Lach, & Jarvis, 1978; Martins & 
Selby, 1980, Bell, 1983; Firstenburg-Eden, 1983), milk (Cady et al.. 1978; Wood, 
Lach, & Jarvis, 1978; Gnan & Ludecke, 1982; Martins et al,.1982; Firstenburg-Eden 
& Tricarico, 1983; Bossuyt & Waes, 1983), cereal grains (Sorrells, 1981),and 
frozen vegetables (Hardy et al..!977). It has also been used to determine 
bacterial concentrations in urine, (Goldschmitt & Wheeler, 1975; Spector, Throm 
& Friedman,1976, Zafari & Martin, 1977; Cady et al..l978), blood (Kagan et al.. 
1977; Brown et al.. 1984) and effluent from sewage plants (Silverman & Munoz, 
1979; Munoz & Silverman, 1979; Martins & Selby, 1980). As impedimetric 
responses vary so much according to the medium used and the nature of the 
organisms present in samples (Cady et al.,1978: Sorrells, 1981; Williams & Wood, 
1982; Firstenburg-Eden & Klein, 1983) it is not surprising that the responses
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recorded were not uniform and that correlation between detection time and 
colony counts varied. In certain cases, most particularly when analysing 
medical, veterinary and also raw meat samples the presence of drugs, 
particularly cwhbiotics, may have a confounding effect on results. Residual
anti bush U could retard bacterial growth leading to an underestimation of
bacterial counts, this was recognised by Kagan et al. (1977) who lysed and 
filtered blood before analysis to counteract these effects.
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2.5 THE BACTOMETER B32.
The Bactometer B32 is an automated impedance monitoring instrument (Fig. 
2.11). It was developed to enable the rapid estimation of the numbers of viable 
microoganisms in foods and medical samples (Cady, 1975; Eden & Eden, 1984).
The instrument is capable of monitoring the biological activity of 32 samples 
simultaneously at a constant temperature in a built-in incubator. The incubator 
can control temperatures from 6°C above ambient temperature to 50'C. For 
samples which need to be studied at temperatures outside this range, extension 
cables may be obtained which can link sample modules, kept in separate 
incubators, to the Bactometer B32. Upto four disposable plastic sample modules 
can be plugged into the incubator at any given time. Each module has sixteen 
wells arranged in two parallel rows, eight sample wells and eight reference 
wells (Fig. 2.12). The capacity of each well is 2.5 cm3 and each has at its 
base two stainless steel electrodes. The Bactometer B32 passes an alternating 
current through the medium in each well and compares the impedance of samples 
with their controls in the corresponding reference wells. Recordings of a value 
known as the impedance ratio are made at approximately 1.5 min. intervals for 
each sample and these are recorded on a paper chart to produce a trace showing 
the variation in impedance ratio over the course of the experiment for each 
sample (Fig. 2.13).
Zr
Impedance Ratio = ___________
Zr + Zc:
Where Zr represents the impedance of the reference and Zs the impedance of the 
sample.
The Bactometer B32 plots a graph of impedance ratio against time for all 
32 samples. As it may be necessary to record the impedimetric responses of
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Fig. 2.11 T h e  B a c t o m e t e r  32. 
s a m p l e s  o v e r  a  p e r i o d  o f  d a y s ,  w h i l e  l a r g e  c h a n g e s  i n  i m p e d a n c e  r a t i o  t a k e  
p l a c e ,  it c a n  b e  a p p r e c i a t e d  t h a t  r e c o r d i n g  3 2  s e p a r a t e  p l o t s  e a c h  w i t h  l a r g e  
d i s p l a c e m e n t s  in b o t h  a x e s  o n  a  r o l l  o f  c h a r t  p a p e r  o f  l i m i t e d  w i d t h  p o s e s  a  
p r o b l e m .  In o r d e r  t o  o v e r c o m e  t h i s  p r o b l e m ,  t h e  c h a r t  is d i v i d e d  i n t o  3 2  
c h a n n e l s  of e q u a l  w i d t h ,  l i k e  t h e  l a n e s  in a  s w i m m i n g  p o o l .  T h e  l e n g t h  o f  t h e  
c h a n n e l s  is l i m i t e d  o n l y  b y  t h e  l e n g t h  o f  t h e  c h a r t  p a p e r  r o l l  i n s t a l l e d .  T i m e  
is p l o t t e d  a l o n g  t h e  l e n g t h  o f  e a c h  c h a n n e l ,  w h i l e  t h e  i m p e d a n c e  r a t i o  is 
p l o t t e d  a l o n g  t h e  w i d t h .  In t h i s  w a y  e a c h  c h a r t  c a n  r e p r e s e n t  3 2  p l o t s  in 
p a r a l l e l .  A t  t h e  s t a r t  o f  e a c h  e x p e r i m e n t a l  r u n  t h e  B a c t o m e t e r  B 3 2  w i l l  s t a r t  
t o  r e c o r d  3 2  p l o t s .  A s  i m p e d a n c e  r a t i o s  c h a n g e  w i t h  t i m e ,  c u r v e s  s t a r t  t o  f o r m ,  
b u t  t h e  d i s p l a c e m e n t  i n  t h e  i m p e d a n c e  r a t i o  a x i s  is l i m i t e d .  P l o t s  m a y  r e a c h
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WELLSELECTRODES
Fig. 2.12 Diagram of a Bactometer 32 module, 
channel boundaries if marked changes in impedance ratio occur. In these 
instances the instrument assumes that the opposite extremities of each channel 
form a continuum and the plot is continued at the corresponding point at the 
opposite edge of the channel (Fig.2.14). Thus each plot is effectively chopped 
up into vertical section which are then spliced together horizontally, producing 
a trace composed of a series of strokes, or flips, varying in length and angle. 
Therefore it is possible to reconstruct the plot for each sample to produce 
conventional graphs of impedance ratio verses time. An alternative is to plot 
rate of change of impedance against time. For defined conditions of inoculum 
level, medium composition and temperature each strain will produce a 
characteristic pattern in the rate of change of impedance ratio with time. The 
pattern is characterised by both a delay in the initial appearance of growth of 
the associated signal (detection time) and the time at which maximum rate of 
change occurs. Fig. 2.15 illustrates an impedance response curve for a yeast, 
the detection time, peak response time and peak height (response rate) are all 
shown.
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Fig. 2.13 A Bactometer 32 trace.
1 Channel
1 Flipi Impedance ratio 
recording.
Fig 2.14 Diagram of a channel of a Eactemeter 32 trace
- 95 -
.13 
I
m
p
e
d
i
m
e
t
r
i
c
 
r
e
s
p
o
n
s
e
s
 
ot 
H
a
n
s
e
n
u
l
a
 
t
a
b
i
a
n
i
i
 
i
n
c
u
b
a
t
e
d
 
at 
3U
 
at 
an 
i
n
i
t
i
a
l
 
i
n
o
c
u
l
u
m
 
l
e
v
e
T
o
t
 
lxl 
U"*c 
f 
u 
mlH
roco ro
m
m
m
m
fOKJ
96
TE 
O
F
2.6 CONCLUSION.
Trichothecenes have only been studied for a relatively short time. They 
were first discovered in the years immediately following the end of World War 
II (Brian & McGowan, 1946; Freeman & Morrison, 1948), and their role in disease 
only started to emerge in the 1960's (Forgacs & Carll, 1962; Joffe, 1971). As 
such although great deal of information has been accumulated on the chemistry 
and toxicity of trichothecene mycotoxins, we still have a great deal to learn. 
Our knowledge of the natural occuijence of trichothecenes is limited because as 
yet there are no adequate simple, reliable and cheap methods for detecting these 
toxins in field samples. It has been possible for workers in large, well 
equipped laboratories in the United States of America and Canada to establish 
that compounds such as deoxynivalenol and T-2 toxin contaminate corn and wheat 
in the North American grain belt (Pathre & Mirocha, 1977; Vesonder et al.. 1983; 
Abbas et al.T 1984). However little is known of the incidence of 
trichothecenes in foodstuffs in other areas of the world, particularly the Third 
World. There is clear evidence that trichothecenes contaminate food in South 
Africa (Marasas et al.. 1979), therefore it would appear that these mycotoxins 
are not limited in their occurrence to the temperate grain growing regions of 
the Northern Hemisphere. The hazzard posed by long term, low level exposure to 
trichothecenes is far from clear and needs to be established. Therefore it is 
essential that assay methods are developed that would allow scientists to study 
the incidence of trichothecenes in various areas, if we are to learn more about 
their role in disease. Then if it is found to be necessary, these assay methods 
could be used by the appropriate authorities to monitor foodstuffs for 
contamination.
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As trichothecenes have been shown to have anti-fungal properties 
(Burmeister & Hesseltine, 1970), it would appear that such activity could be 
used for assay purposes. Further study in this area is required to establish if 
a viable microbial assay system can be developed. Recent developments in 
impedance microbiology (Cady et al., 1978) offer a means of studying the effects 
of trichothecenes on the physiological activity of microorganisms.
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PART 3.
THE USE OF IHPEDIHETRY TO FIFD MICROORGASISXS SEISITIVE 
TO THE TOXIC EFFECTS OF TRICHOTHECERE HYC0T0XI5S.
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3.1 GEffERAL UTRODUCTIOF.
The history of impedimetry can be traced back almost a century to the 
work of Stewart (1898) on the putrefaction of blood. Despite this early start 
progress in the field was rather fitful, and it was not until the mid 1970’s 
that the work was done (Ur & Brown, 1975; Cady, 1975) which would eventually 
lead to the development of today’s commercially manufactured impedimeters. 
Impedimetry is probably still in its infancy, with its full potential yet to be 
realised. At present it is mainly used as a rapid method for microbial 
enumeration, especially within the food industry. However as impedimeters work 
by detecting the change in the electrical properties of media brought about by 
the metabolic processes of microorganisms, it would appear that impedimetry 
should be of use in the study of microbial physiology as well as in related 
fields.
The major objective of this section was to find microorganisms which were 
particularly sensitive to the toxic effects of trichothecene mycotoxins. In 
other words to select strains whose normal physiology was most prone to 
disruption by the action of trichothecenes. Impedimetry would appear to be a 
particularly sensitive method of detecting such physiological disruption. It was 
possible to consider using impedimetric techniques for studying the effects of 
trichothecenes on microorganisms because a Bactometer 32 impedimeter (see Part 
2 for description) was made available for this project. This allowed the 
objective of this section to be pursued by keeping to the following programme:-
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1) Find media suitable for the study of a wide range of microorganisms in 
the Bactometer 32 impedimeter.
2) Establish whether the Bactometer 32 can be used to detect compounds that 
are toxic to microorganisms.
3) Select microbial strains that are sensitive to the effects of the 
trichothecene, T-2 toxin.
4) Study the effects of other common trichothecenes; DAS, DON, roridin-A, T-2 
toxin, and verrucarin-A, on the selected microbial strains using impedimetric 
techniques, and select a small number of strains for further study.
5) Study the effects of various carbohydrates on microbial sensitivity to T-2 
toxin.
6) Study the effects of carrier solvents on the toxicity of T-2 toxin to the 
selected microbial strains.
7) Determine whether there is a relationship between T-2 toxin dose and the 
impedimetric responses of the test strains, and select the most sensitive 
strain for further study.
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3.2 GE5ERAL MATERIALS & METHODS.
3.2.1 ANTIBIOTICS.
Chloramphenicol and griseofulvin were used. Stock solutions were made of 
each antibiotic in chloroform to a concentration of 1.0 mg ml”1 . These were 
stored at 5°C.
3.2.2 TRICHOTHECENES.
The trichothecenes used were: DAS, DON, fusarenon-X, HT-2 toxin, 
neosolaniol, nivalenol, roridin-A, T-2 tetraol, T-2 toxin, T-2 triol, and 
verrucarin-A. Stock solutions, of each of these compounds, were made to a 
concentration of 1.0 mg ml”1 using dichloromethane and methanol (95:5, v/v) as 
the solvent. Additional 1.0 mg ml”1 stock solutions were made of T-2 toxin in 
chloroform and of DON and T-2 toxin in DMSO. All of these solutions were 
stored at 5X. For p-a-ss.
3.2.3 MEDIA.
The culture media used in these studies were: BHIA, BHIB, MAG, MAM, MBG, 
MBM, NA, NB, RYM, RYMA, YEA, YEB, YEPB (Schappert & Khachatourians, 1983). MAG, 
YEA and MAG were used for culture maintenance and inoculum preparation (see 
list of abbreviations for details of media recipes). ( f - i zs ) .
3.2.4 CULTURE MAINTENANCE.
Bacteria were maintained on NA slopes, fusaria on PSA slopes, and the 
other fungi on MAG slopes. Stock cultures of bacteria and yeasts were grown at 
30°C, while the moulds were grown at 25X, all species were stored at 5X.
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3.2.5 INOCULUM PREPARATION.
Bacteria and yeasts were prepared for testing by subculturing from stock 
cultures into (sterile) test broth and incubating at 30 X  for 48 h, after which 
cell concentrations were assessed using haemocytometer slides. Appropriate 
volumes of these test cultures were then added to (sterile) test broth to 
produce cultures of the required inoculum level for use in the Bactometer.
Moulds were subcultured from stock cultures onto MAG plates and incubated at 
25 *C until sporulation could be seen (fusaria were subcultured onto PSA plates 
and incubated on laboratory benches at ambient temperature). Spore suspensions 
were prepared using sterile test broth, concentrations were then assessed and 
experimental inoculum levels were prepared as above.
3.2.6 TEST PROCEDURE.
In all of the studies performed in this section, with the exception of 
those on the suitability of different media for use in the Bactometer 32 
(section 3.3), the effects of chemical agents on the impedimetric responses of 
microorganisms were investigated. Thus media containing known doses of these 
agents had to be prepared. As all of the antibiotics and trichothecenes are only 
sparingly soluble in water they had to be added to media as non aqueous 
solutions. In each of the experiments 20 ml quantities of sterile broth were 
prepared, and the required volume of stock antibiotic or trichothecene was added 
to bring the medium to the desired dose level. Efforts were made, wherever 
possible, to remove organic solvents before inoculation. This was done by 
placing the bottles containing the media, with their caps loosened, in water 
baths at 60X  for 2 h, except when the non-volatile compound DMSO was used as 
the solvent. The media were then left to cool to room temperature before they
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were used. Undosed media for controls and dilutions were prepared in the same 
way, substituting the stock antibiotic or trichothecene with undosed solvent.
The wells of Bactometer modules were loaded with the required volume of 
uninoculated, dosed or undosed medium. Sample wells were then inoculated by the 
addition of either 0.1 ml or 0.2 ml, depending on the experiment, of freshly 
prepared inoculum and the wells sealed. Reference wells were topped up with a 
corresponding volume of undosed, uninoculated, solvent-free broth, and sealed. 
These final additions brought dose levels of inibitors down to their stated 
experimental levels. The modules were then connected to the Bactometer 32 for 
analysis.
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3.3 STUDIES ON THE SUITABILITY OF MEDIA FOR USE IN THE BACTOMETER 32.
3.3.1 INTRODUCTION.
Impedimetry has been developed on the premise that when microorganisms grow 
they affect the chemistry and consequently the electrical properties of their 
environment and that therefore a correlation exists between microbial growth 
and the electrical impedance of cultures. The relationship between growth and 
impedance change will vary with species, medium and temperature. Microorganisms 
may grow vigorously in a medium and yet produce little or no measurable change 
in impedance. This may be because the inherent impedence of these media is such 
that it masks the changes brought about by microbial growth, or it may be 
because the impedance changes caused by the uptake of nutrients cancel out 
those resulting from the excretion of waste products or because the organism 
neither produces nor utilises ionised compounds. The media most suitable for 
use in impedimetric studies are those in which the growth of cultures results 
in the greatest impedance change. In this preliminary study the effect of 
different media on the impedimetric responses of microbial species was 
investigated, so that suitable media could be selected for future studies.
3.3.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Tables 3.1, 
3.2, and 3.3. The techniques involved are described more fully in Section 3.2.
Tests were terminated as soon as full reponse curves could be seen for each 
sample in a test run (each test run consisted of 32 test samples), or after 
72 h if the reponse was still incomplete.
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BACTERIA. MOULDS. YEASTS.
Bacillus subtilis (UOS) 
Chr.QffiQ.b_actgr.iu.ffi 
v.iqlac.eum (UOS)
Erwinia carotovora (UOS) 
Er. berbicola (UOS) 
Escherichia coli (UOS)
J anth.inQbaQ.tQr.iuffi 
lividum (UOS) 
Pseudomonas marginalis 
(UOS)
Aspergillus niger (UOS) 
A.-.-Qghra-CQQus (UOS) 
A--t&_ffiarii (UOS) 
Fusarium culmoruic (UOS)
E..-graxaioearwn 
strains IMI 183 761
IMI 263 189 
IMI 263 190 
IMI 263 191 
IMI 263 192
F. solani 4.12 MNT 
F. sporotrichioides 
strains 4.3 MNT
4.9 MNT
P.ichia merobranaefaclens 
(UOS)
Ehodgtprula glu.tiais 
(UOS)
Saccharomvces cerevisiae 
(UOS)
Zygosaccharomyces sp. 
(UOS)
Table 3.1 Microorganisms used in the studies on the suitability of 
media for use in the Bactometer 32
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Media for bacteria. BHIA, BHIB, NB, RYM, YEB.
Media for yeasts. MAG, MAM, MBG, MBM,, RYM.
Media for moulds. MAG, MAM, MBG, MBM,
Volume of uninoculated medium. 0.5 ml.
Volume of inoculum. 0.1 ml.
Initial cell concentration Bacteria 2 x 107, 2 x 10s, 2 X 10s
in the wells. 2 x 10* cfu ml-'1 .
Yeasts 2 x 
2 x
10s,
103
 2 x 10s, 2 
cfu ml”1 .
X 10*
Moulds 2 x 
2 x
10s,
10=
2 x 10*, 2 
cfu ml-1.
X 103
Incubation temperature. Bacteria
Yeasts
Moulds
30 *C. 
30 *C. 
25 *C.
Number of replicates. 1
Test duration. Maximum of 72 h.
Table 3.2 Summary of the materials and methods used in the studies on the 
suitbility of media for use in the Bactometer 32.
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3.3.3 RESULTS AND DISCUSSION.
The impedimetric responses of A.niger grown in MBG in Fig 3.1. Plotting 
impedance change (flips h“1 ) against time converts the impedimetric response 
from a sigmoidal curve into a plot with a peak at the point where impedance 
change is at its maximum. It can be seen that reducing the initial inoculum 
level has the effect of introducing a lag at the start of the response curve 
thereby shifting the whole response back in time. The peak response times could 
be readily obtained from the Bactometer print out by noting the time at which 
the trace was at its steepest. The peak response times (PRT) for bacteria, 
yeasts and moulds in the different test media are shown in Tables 3.4, 3.6, and 
3.6. The reason that PRTs were recorded in preference to detection times (the 
time of the onset of impedance change) is that the estimation of detection time 
is far more subjective than estimation of PRT and is thus prone to much greater 
operator error.
The most important factor to consider when assessing the suitability of a 
medium for use in the Bactometer is the degree to which it allows the impedance 
of cultures to change when growth occurs. This can be evaluated by measuring 
the peak response rates (PRR) of microorganisms grown in that medium. The PRRs 
of bacteria grown in various media are shown in Table 3.3. It can be seen that 
no measurable responses were recorded from any of the bacteria when RYM was 
used. Examination of cultures at the end of experimental runs revealed that this 
was because none of the organisms grew in this medium.
Janthinobacterium lividum was found to be able to grow in all of the other 
media without giving rise to any detectable changes of impedance. Therefore it 
can be concluded that microbial growth does not always bring about a measurable 
impedimetric response. However in every case where impedance changes were
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recorded there was always visual evidence of microbial growth. This confirmed 
that microbial growth was responsible for the observed impedance changes.
The highest recorded PRRs, for most of the bacteria that produced a 
measurable response, were obtained when they were grown in YEB. The only 
organisms for which this was not true were Chromobacterium violaceum and 
Erwinia carotovora which produced higher PRRs in BHIA than they did in YEB.
The impedimetric responses obtained for bacteria grown in BHIA and BHIB were 
clearly defined. Two of the six responding species, Er.herbicola and Escherichia 
colir produced higher PRRs in BHIB than they did in BHIA but the reverse was 
true for the remaining four species. Therefore on the basis of PRR alone there 
is little to choose between the two media.
All of the bacteria grew in HA, however only C.violaceum produced adequate 
responses in this medium and these responses were inferior to those it produced 
in the other media (in which it grew). Furthermore no measurable responses 
were obtained for Er.carotovora or J.lividum. Thus it is clear that HA is 
unsuitable for studying bacteria in the Bactometer.
It can be seen from Table 3.4 that the impedimetric responses of bacteria 
tend to reach a peak sooner in solid media than in broths, except for E.coli 
which gave the most rapid responses in BHIB. This indicates that bacterial 
growth is normally faster on agars than in broths. It was not possible to 
calculate the doubling time of organisms with much precision from these results 
as the differences between PRTs resulting from dilution were inconsistent 
across dilution series. The medium in which dilution produced the most clear 
trends was YEB. It was concluded that the most suitable medium for studying the 
impedimetric responses of bacteria was YEB as it promoted the highest rates of 
response and although the PRTs of organisms grown in it were relatively long, 
especially for B.subtilis, this did not outweigh its other advantages.
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Table 3.5 shows the effect of various media on the PRRs of yeasts. Pichia 
membranaefaciens was the only yeast that grew well in RYM and gave a well 
defined impedimetric response, however since none of the other yeasts grew well 
in RYM, this medium is clearly unsuitable for general use in impedimetric 
studies involving yeasts.
Rhodotorula glutinis produced slightly higher PRRs in MAG than in MBG, but 
the highest response rates for the other three species were recorded when they 
were grown in MBG. For Saccharomvces cerevisiae and Zygosaccharomyces sp. the 
recorded PRRs were much higher in MBG than they were in any other medium. In 
general markedly higher PRRs were recorded when yeasts were grown in media 
supplemented with glucose (MAG and MBG) than were obtained when supplemented 
with maltose (MAM and MBM). The responses observed from yeasts grown in MAM 
were generally poor and so this medium would be unsuitable for impedimetric 
studies on yeasts.
The PRTs for yeasts are given in Table 3.6. It can be seen that the shortest 
PRTs were recorded for yeasts grown in MBG. None of the other media gave short 
PRTs for all four test species. In addition there seemed to be no pattern in the 
effect of inoculum dilution on the PRTs in any of the media. Therefore on the 
basis of both response rates and response times the most suitable medium for 
use in impedimetric studies on yeasts was concluded to be MBG.
Table 3.7 shows the PRRs of the twelve moulds grown in various media. None of 
the moulds grew in RYM. It was found that the highest PRRs were recorded in 
media supplemented with glucose, with only two exceptions: Fusarium solanj
4.12 MNT and F.sporotrichioides 4.3 MNT both of which produced their highest 
responses in MBM. The aspergilli produced higher PRRs in MAG than MBG but the 
reverse was true for the fusaria. However all species gave clearly defined 
responses in both MAG and MBG. The responses of all the moulds grown in MBM
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were well defined. PRRs were generally higher when moulds were grown in MBM 
than when MAM was used, however the reverse was true for Aspergillus 
ochraceous. A.tamarii and F.sporotrichioides 4.9 MNT. Four moulds gave very poor 
responses in MAM: F.graminearum 183 761, 263 189, 263 190 and F.solani
4.12 MNT, indeed the growth of F.graminearum 183 761 resulted in no impedance 
change at all. The responses of these four species alone would not be sufficient 
to render MAM unsuitable for use in impedimetric studies involving moulds. The 
responses of A.niger were exceptionally high in MAG, MBG, MAM and MBM, this 
would seem to indicate that this strain metabolises electrolytes extremely 
rapidly however to confirm this would require further study.
The PRTs for moulds are given in Table 3.8. None of the test media gave 
consistantly short PRTs for all the moulds in the study. On the basis of the 
response rates the media most suitable for use in impedimetric studies on 
moulds are MAG and MBG. As it is easier to prevent contamination of samples 
using liquid media MBG would appear to be the best medium to use in the 
Bactometer.
To summarise the most suitable medium for impedimetric studies involving 
bacteria is YEB while the most suitable for yeasts and moulds is MBG.
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SPECIES. INITIAL CELL PEAK RESPONSE RATE (FLIPS. h"1 ),
CONCENTRATION 
(cfu ml"'1).
MEDIUM.
BHIA. BHIB. NA. RYM. YEB.
Bacillus subtili? 2 x 107 t 2.0 0.5 0 t
(UOS) 2 x 10* 2.5 2.2 0.5 0 3.4
2 x 10s 2.2 2.2 0.5 0 3.4
2 x 10d . 2.0 2,2 0 0 3.8
Chromobacterium 2 x 107 5.5 3.6 1.4 0 t
violaceum (UOS) 2 x 10* 5.2 3.6 1.2 0 10.0
2 x 10* 5.5 3.0 1.0 0 11.0
2 x 10* 5.2 3.0 1.2 0 12.0
Erwinia 2 x 107 t 2.8 0 0 3.4
Q&rotfiVQr.a. (UOS) 2 x 10* 3.5 2.8 0 0 3.6
2 x 10* 3.2 2.8 0 0 3.4
2 x 10* 3.2 0 0 0 3.4
Er. herbicola 2 x 107 1.4 1.5 0.5 0 2.2
(UOS) 2 x 10* 1.4 1.8 0.5 0 2.2
2 x 10* 1.4 1.5 0.8 0 2.2
2 x 10* 1.2 0 0.5 0 2.2
Escherichia coli 2 x 107 1.2 2.8 0.8 0 10.0
(UOS) 2 x 10* 1.2 2.8 0.8 0 8.4
2 x 10* 1.2 2.5 0.8 0 10.2
2 x 10* 1.2 3,0 . 0,8 0 8.2
Janthinobacterium 2 x 107 0 0 0 0 0
lividum (UOS) 2 x 10* 0 0 0 0 0
2 x 10* 0 0 0 0 0
2 x 10* 0 0 0 0 0
Pseudomonas 2 x 107 2.0 1.2 0 0 1.4
ffi&rgih&Hs (UOS) 2 x 10* 0 1.2 0 0 3.2
2 x 10* 2.0 1.2 0.5 0 3.4
2 x 10* 2.0 1.2 0.5 0 0
Table 3.3 Effect of medium on the rate of impedimetric response 
(PRR) of bacteria.
KEY.
T - Initial cell concentration too high for the full response curve to be seen.
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SPECIES. INITIAL CELL PEAK RESPONSE TIME (h) .
CONCENTRATION MEDIUM.
(cfu ml”1 ). BHIA, BHIB. NA. RYM. YEB.
B&cillus .subtilis 2 x 107 t 10.0 3.0 - T
(UOS) 2 x 10* 4.5 10.0 4.5 - 18.5
2 x 10s 6.5 13.0 5.5 - 24.0
2 x 10* 7.5 . 15.5 0 - 32.0
Chromobacterium 2 x 107 4.0 6.0 5.5 - t
violaceum (UOS) 2 x 10* 6.0 7.5 7.5 - 4.0
2 x 10 s 7.5 10.0 9.0 - 7.5
2 x 10* 7.5 12.5 10.5 - 12.0
Erwinia 2 x 107 t 6.5 - - 4.5
carotovora (UOS) 2 x 10* 4.0 7.0 - - 5.5
2 x 10s 6.0 8.5 - - 6.5
. 2 x 10* 8.0 - - - 7.5
Er. herbicola 2 x 107 6.5 8.5 7.0 - 6.5
(UOS) 2 x 10* 7.5 8.5 7.5 - 8.0
2 x 10* 7.5 10.0 8.5 - 9.5
2 x 10* 7.5 - 9.5 - 11.0
Escherichia coli 2 x 107 2,5 2.5 3.0 - 7.0
(UOS) 2 x 10* 5.0 3.5 4.5 - 9.5
2 x 10* 6.5 5.5 4.5 - 12.0
2 x 10* .. 8.0 7.5 6.0 - 16.5
Janthinobacterium 2 x 107 - - -
lividum (UOS) 2 x 10* - - - - -
2 x 10* - - - - -
2 x 10* - - - - -
Pseudomonas 2 x 107 11.0 10.0 - - 12.0
marginalia (UOS) 2 x 10* - 12.0 - - 18.0
2 x 10* 11.5 14.0 7.5 - 20.0
2 x 10* 13.0 15.0 9.5 —
Table 3.4 Effect of medium on the PRTs of bacteria.
KEY.
No peak seen.
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SPECIES. INITIAL CELL PEAK RESPONSE RATE (FLIPS h"1).
CONCENTRATION. MEDIUM.
.. (cfu ml”'1). MG. MBG. MAM. MBM. RYM.
Pichia 2 x 10* 2.2 2.5 1.0 2.0 2.5
membrahaefaciens 2 x 10s 2.4 2.5 0.7 2.0 2.5
(UOS) 2 x 10* 2.2 0 0.7 1.5 2.5
2 x 103 2,2 0 0.5 ._ .1,5 . 0
Rhodotorula 2 x 10* 2.0 1.5 1.3 0.8 0
glutinis (UOS) 2 x 10s 2.0 1.5 1.3 1.7 0
2 x 10* 2.2 1.5 1.2 1.7 0
2 x 103 2.0 _ 1,5 _ 1.3 .. .1.5 0
Saccharonyces 2 x 10* 3.0 4.0 1.3 C 0
cerevisiae (UOS) 2 x 10B 3.0 4.0 1.3 C 0
2 x 10* 3.0 4.0 1.3 c 0
2 x 103 3,0 4.0 1.1 c 0
■ Zygosaccharomyces 2 x 10* 3.5 8.2 0.7 T 0
sp. (UOS) 2 x 10s 2.8 8.0 0.7 2.2 0
2 x 10* 2.8 8.0 0.7 2.2 0
2 x 103 2.8 8.2 0.7 2.2 0
Table 3.5 Effect of medium on the impedimetric response (PRRs) of yeasts. 
KEY.
C - Samples contaminated.
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SPECIES. INITIAL CELL PEAK. RESPONSE TIKE (h)._
CONCENTRATION. HEDIUH.
(cfu ml"'1). HAG. HBG MAH. MBM. .. RYM.
Pichia 2 x 10* 14.0 14.0 17.0 23.0 21.0
merabranaefaciens 2 x 10s 20.0 20.0 19.0 23.0 29.0
(UOS) CO o 27.0 - 28.0 30.5 38.0
2 x 10s 38,0 - 39.0 42.0 .. -
Rhodotorula 2 x 10s 21.0 18.0 10.0 11.5 -
glutibis (UOS) 2 x 10* 25.0 24.0 15.0 16.5 -
2 x 10* 28.0 27.0 19.5 18.5 -
2 x 10s 31.5 33.0 25.0 21.0 -
Saccharomvces 2 x 10* 11.0 2.0 2.5 C -
cerevisiae (UOS) 2 x 10* 18.5 6.0 9.5 C -
2 x 10* 26.5 13.0 13.5 C -
2 x 10s 32.0 20,0 . ...17.5 C -
Zvgosaccharomvces 2 x 10* 19.0 17.5 14.5 t -
sp. (UOS) 2 x 10* 22.5 19.0 15.0 6.0 -
2 x 10* 27.5 27.0 19.5 12.0 -
2 x 10* 31.0 32.0 24.0 19.0 —
Table 3.6 Effect of medium on the PRTs of yeasts.
KEY.
T - Initial cell concentration too high for the full response curve to be seen.
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SPECIES. INITIAL CELL PEAK RESPONSE RATE (FLIPS h" ' ).
CONCENTRATION 
(cfu ml"1 ).
...MEDIUM.
MAG. MBG. MAM. MBK. RYM.
Aspergill.ua 2 x 10* 23.0 22.0 16.5 17.0 0
aigsr. (UOS) 2 x 10* 20.5 20.0 16.0 17.0 0
2 x 10* 19.0 19.0 16.0 17.0 0
_ . 2 x 103 _18,5 _.19,0 . ._ 14,0 17.0 0
A. ochraceous 2 x 10* 4.5 3.0 3.5 1.8 0
(UOS) 2 x 10s 4.5 3.5 3.5 1.8 ■ 0
2 x 10* 4.5 3.0 3.0 1.2 0
2 x 103 4.5 3.5 3.0 1.0 0
A. taraarii (UOS) 2 x 10* 7.5 6.0 4.0 3.2 0
2 x 10 s 7.5 5.5 4.0 3.5 0
2 x 10* 7.5 8.5 4.0 3.8 0
2 x 10* 7.5 8.5 3.0 3.2 0
Fusarium culmorum 2 x 10* 4.0 5.8 2.2 3.2 0
(UOS) 2 x 105 3.6 0 2.2 3.4 0
2 x 10* 3.8 0 2.0 3.0 0
2 x 10* 3.8 0 1.8 3.4 0
F, grafflinearuiB 2 x 10* 2.2 4.5 0 4.0 0
IMI 183 761 2 x 10s 2.2 4.0 0 4,0 0
2 x 10* 0 3.8 0 4.2 0
2 x 103 0 3.8 0 4.0 0
F. graminearum 2 x 10* 2.0 4.0 0.6 1.8 0
IMI 263 189 2 x 10* 2.0 4.0 0.4 1.8 0
2 x 10* 0 5.0 0 1.8 0
2 x 10® 0 4.0 0.4 1.8 0
F. graminearum 2 x 10* 1.6 2.5 0.4 1.2 0
IMI 263 190 2 x 10* 1.6 3.0 0.4 1.2 0
2 x 10* 1.6 2.5 0.4 1.0 0
2 x 10* 1.6 2.5 0,4 0 0
E.._graniaeanm 2 x 10* 2.8 7.0 1.0 4.5 0
IMI 263 191 2 x 10* 2.8 7.0 1.0 5.0 0
2 x 10* 2.8 7.0 0.8 5.2 0
2 x 103 2.8 7.0 0.8 5.5 0
F. graminearum 2 x 10* 3.2 6.0 1.6 3.6 0
IMI 263 192 2 x 10* 3.0 7.0 1.6 3.6 0
2 x 10* 3.0 8.0 1.6 3.6 0
2 x 103 . . 3.2 7.0 0 3.6 0
F..solan! 4.12 MNT 2 x 10* 2.5 4.5 0.2 6.0 0
2 x 10* 2.4 4.5 0.2 7.0 0
2 x 10* 0 6.0 0.4 7.0 0
2 x 103 0 0 0.2 5.0 0
F. sporotrichioides 2 x 10* 2.5 4.0 3.2 5.5 0
4.3 MNT 2 x 10* 2.5 5.2 3.0 5.5 0
2 x 10* 2.5 5.2 3.0 5.5 0
2 x 103 2.2 4.5 3.0 5.5 0
F, sporotrichioides 2 x 10* 2.5 7.0 1.2 1.4 0
4.9 MET 2 x 10* 2.5 8.5 1.8 1.4 0
2 x 10* 2.8 7.0 1.8 1.5 0
2 x 103 2.8 6.0 2.0 1.4 0
Table 3.7 Effect of medium on the impedimetric response (PRRs) of moulds.
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SPECIES. INITIAL CELL . PEAK.RESPONSE TIME (h)
CONCENTRATION 
(cfu ml-1).
MEDIUM.
MAG, MBG . . . MAM. MBM. _ RYM.
Aspergillus 2 x 10s 19.0 22.0 25.5 25.5
niger (UOS) 2 x 10 s 25.0 26.0 29.5 26.5 -
2 x 10* 27.0 30.0 32.0 30.0 -
2 x 103 . _ 30,0 . 31.5 35.0 32.5 -
A. ochraceous 2 x 10s 30.5 19.0 32.5 24.0 -
(UOS) 2 x 10 s 35.0 23.0 36.0 27.5 -
2 x 10* 37.0 36.0 40.0 30.5 -
2 x 103 38.5 42.0 44.5 34.5 -
A.,..±aisa.Lii (UOS) 2 x 10s 12.5 10.0 16.5 17.0 -
2 x 10s 19.0 18.5 25.5 24.0 -
2 x 10* 22.5 22.0 29.0 27.5 -
2 x 10s 29.5 25.0 32.0 30.5 -
Fusarium culmorum 2 x 10s 43.0 39.0 49.0 42.5 -
(UOS) 2 x 10s 47.5 - 52.5 46.0 -
2 x 10* 51.0 - 58.5 51.5 -
2 x 10® 56.0 - 63.0 62.5 -
E. ...gram iaear urn 2 x 10s 41.5 14.5 - 32.0 -
IMI 183 761 2 x 10s 46.0 22.5 - 35.5 -
2 x 10* - 32.5 - 40.0 -
2 x 10® - 44.0 ~ 47.0 -
F_, graminearum 2 x 10e 41.5 19.0 38,5 26.0 -
IMI 263 189 2 x 10s 45.5 25.5 46,5 34.0 -
2 x 10* - 38.5 - 41.5 -
2 x 103 - 52.0 60.0 48.5 -
P. graminearum 2 x 10e 15.0 20.0 23.0 24.0 -
IMI 263 190 2 x 10s 25.0 25.5 27.5 26.0 -
2 x 10* 35.0 31.0 33.0 32.0 -
2 x 103 45.5 37.5 38.0 40.0 -
F. graminearum 2 x 10s 22.0 20.5 25.5 24.5 -
IMI 263 191 2 x 10s 26.0 30.5 31.5. 27.0 -
2 x 10* 32.0 38.0 36.5 33.5 -
2 x 103 38.5 53.0 42.5 41.5 -
F. graminearum 2 x 10e 22.5 28.5 19.0 36.0 -
IMI 263 192 2 x 10s 28.0 38.0 22.5 35.5 -
2 x 10* 33.0 56.5 33.0 43.5 -
2 x 103 41.0 63.0 - 52.0 -
F. solani 4.12 MNT 2 x 10e 40.5 27.0 38.5 33.0 -
2 x 10s 45.0 33.0 45.0 39.0 -
2 x 10* - 42.0 51.5 46.5 -
2 x 103 - - 58.5 54.0 -
F. sporotrichioides 2 x 106 16.0 30.0 29.0 34.5 -
4.3 MNT 2 x 10s 27.0 38.5 31.5 42.5 -
2 x 10* 37.5 52.5 36.0 48.0 -
2 x 103 48.5 57.5 41.0 50.5 -
F. sporotrichioides 2 x 10s 20.0 26.0 22.5 22.0 -
4.9 MNT 2 x 10s 24.5 29.5 27.5 29.0 -
2 x 10* 32.0 38.0 29.5 31.5 -
2 x 103 37.0 52.0 32.0 33.5
Table 3.8 Effect of medium on the PRTs of moulds.
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3.4 STUDIES 01 THE USE OF THE BACTOMETER 32 FOR THE DETECTION OF ANTIBIOTICS.
3.4.1 INTRODUCTION.
While it had been demonstrated that impedimetric techniques could be used 
for microbial enumeration (Eden & Eden, 1984) it was not known if impedimetry 
could be used for detecting the presence of antimicrobial agents . Therefore the 
suitability of impedimetry as a means of detecting toxins had to be assessed 
before the Bactometer 32 could be used for finding trichothecene sensitive 
microorganisms. In order to do this it was necessary to study the effects of 
known antimicrobial agents on sensitive species using the Bactometer 32. Thus 
the effects of chloramphenicol and griseofulvin on the impedimetric responses 
of bacteria and fungi respectively were investigated and to provide a point of 
reference conventional disc diffusion assays were run in parallel to the 
impedimetric tests.
3.4.2 MATERIALS & METHODS.
The materials and methods used in the impedimetric tests are summarised 
in the Tables 3.9 and 3.10. Dosed and control media were inoculated with freshly 
prepared cultures to produce suspensions with the initial experimental cell 
concentrations, these were loaded into the wells of Bactometer 32 modules for 
immediate analysis. The techniques involved are described more fully in 
Section 3.2.
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For the disc diffusion assays agar plates were seeded with freshly 
prepared inocula and left to dry for 30 min. Sterile filter paper discs were 
loaded with antibiotic to the required level and placed on the surface of the 
seeded plates (one disc per plate) and the plates incubated for the stated 
period.
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Microorganisms. Bacillus subtilis (UOS).
Escherichia coli (UOS). 
Aspergillus niger (UOS).
Pichia membranaefaciens (UOS). 
Saccharomvces cerevisiae (UOS). 
Zygosaccharoroyces sp. (UOS).
Media for impedimetry. YEB for bacteria . 
MBG for fungi.
Antibiotics. Chloramphenicol against bacteria. 
Griseofulvin against fungi.
Antibiotic dose levels. Chloramphenicol 10.0, 5.0, 2.5, 1.25, 
0.62, 0.31, 0.16, 0 pg ml-'.
Against A. niger Griseofulvin 40.0, 20.0, 10.0, 5.0, 
2.5, 1.25, 0.62, 0 pg ml"1 .
Against yeast species. Griseofulvin 20.0, 10.0, 1.0,0 pg ml"1 .
Volume of inoculum. 0.5 ml.
Initial cell concentration. Bacteria 1 x 105 cfu ml"1• 
Fungi 1 x 10A cfu ml"1.
Incubation temperature. 30X.
Number of replicate samples. 2.
Test duration. 48 h.
Table 3.9 Summary of the materials and methods used in the studies on the 
use of the Bactometer 32 for the detection of antibiotics.
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Media. YEA for bacteria. 
MAG for fungi.
Antibiotics. Chloramphenicol against bacteria. 
Griseofulvin against fungi.
Antibiotic dose levels. Chloramphenicol 10.0, 5.0, 2.5, 1.25, 
0.62, 0.31, 0.16, 0 pg disc-1.
Against A. niger Griseofulvin 40.0, 20.0, 10.0, 5.0, 
2.5, 1.25, 0.62, 0 pg disc-1.
Against yeast species. 20.0, 10.0, 1.0, 0 pg disc-1.
Volume of inoculum. 0.5 ml.
Inoculum level. 2 x 103 cfu ml-1.
Incubation temperature, 30 *C.
Number of replicate samples. 2.
Test duration. 48 h.
Table j> .10 Summary of the materials and methods used for the 
disc diffusion assays.
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3.4.3 RESULTS & DISCUSSION.
The effects of chloramphenicol on the impedimetric responses of two 
bacteria, Bacillus subtilis and EgQfrerichi.ft.gQli> are shown in Table 3.11. 
Chloramphenicol totally inhibited the growth of both species at the higher dose 
levels. E.coli was found to be more sensitive to the antibiotic than B.subtilis. 
Chloramphenicol prevented its growth at doses of 0.31 pg ml"'1 and above 
whereas B.subtilis was able to grow at dose levels, upto 0.62 pg ml"1 .
Chloramphenicol affected the impedimetric responses of both species in two 
ways. It had the effect of introducing a delay in the onset of impedance change 
retarding the whole response curve and increasing PRTs and it also reduced 
PRRs. For B.subtilis these effects were dose dependent, it is not certain 
whether this was the case for E.coli as it was only able to grow at the lowest 
dose level. At this dose, 0.16 pg ml"1 , the PRTs and PRRs of E.coli were 
affected to a greater extent than those of B.subtilis, reflecting the greater 
sensitivity of this strain to chloramphenicol.
The effects of griseofulvin on the impedimetric responses (PRTs and PRRs) 
of four fungal species are shown in Tables 3.12 and 3.13. It can be seen that 
the presence of griseofulvin resulted in dose dependent increases in the PRTs 
of all four species. It had no effect on the PRRs of Aspergillus niger but did 
reduce the PRRs of the three yeast species. The reduction in the PRRs of Pichia 
membranaefaciens. Saccharomvces cerevisiae and ZyggsacQfraxomyces sp. was not 
dose dependent. The PRRs of these yeasts were all reduced as a result of the 
addition of 1.0 pg ml"1 of griseofulvin, but increasing the dose further had 
little effect. The effect of griseofulvin on the PRRs of the yeasts was not as 
marked as the effect of chloramphenicol on the bacteria.
The differences in the effects of the two antibiotics on the impedimetric 
responses of sensitive organisms indicates differences in their modes of action.
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Chloramphenicol appears to be able to affect the metabolic processes of cells 
during the entire experimental period, cultures do not recover to assume the 
levels of metabolic activity seen in the controls (as shown by the reduced 
PRRs). Thus active chloramphenicol remains in the cultures to affect the 
metabolic processes over the time course of the experiment. However to explain 
fully the effects seen would require further study.
Griseofulvin has a fungistatic action preventing cells from multiplying but 
not killing them. As griseofulvin molecules bind to cells the active 
concentration of the compound falls and the unaffected cells can multiply 
normally. Therefore the presence of griseofulvin reduces the population of 
multiplying cells and this shortfall has to be made up before the normal growth 
pattern can be resumed. This explains the observed increases in PRTs. The PRRs 
of fungi would not be affected by this type of action, and indeed those of 
A.niger were not, however those of P.membranaefaciens, S.cerevisiae and 
Zygosaccharomvces sp. were to a certain extent. This may be because the binding 
affinity of griseofulvin to the active sites in different organisms varies. Thus 
in some species the death of cells would result in the liberation of molecules 
of griseofulvin ensuring a constant presence of the compound which would have 
the effect of reducing the maximum possible growth rate of the cultures and 
thus the PPRs.
The limit of detection of chloramphenicol by B.subtilis in the disc 
diffusion tests was 5.0 pg disc"1 and for E.coli it was 2.5 pg disc"1 . 
Griseofulvin had no effect on any of the fungi at levels below 10 pg disc"1 .
A.niger had a limit of detection for griseofulvin in the Bactometer of
2.5 pg ml"1 as 0.5 ml of medium were added to each well. This means that the 
detection limit in terms of mass of griseofulvin was 1.25 pg, much lower than 
that using the disc diffusion tests. The antibiotics affected the impedimetric
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responses of the other species at even the lowest test levels used. Therefore it 
can be seen that as a method of detection of toxic compounds impedimetry is 
far more sensitive than the conventional disc diffusion test.
These results indicate that impedimetric techniques would be well suited 
to the screening of large numbers of organisms for sensitivity to trichothecene 
mycotoxins, as they are sensitive, rapid, economical in terms of space and 
resources and results are readily quantifiable.
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CHLORAMPHENICOL BACILLUS SUBTILIS. ESCHERICHIA COLI,
DOSE pg ml"1, PRT h, PRR flips h"1. PRT h. PRR flips h"1.
10.00 ng ng ng ng
5.00 ng ng ng ng
2.50 ng ng ng ng
1.25 ng ng ng ng
0.62 36.50 4.0 ng ng
0.31 20.50 7.0 ng ng
0.16 18.75 8.0 25.50 7.0
0.00 11.75 12.0 14.25 18.0
Key.
ng - no growth.
Table 3.11 The effect of chloramphenicol dose on the impedimetric responses
of Bacillus subtilis and Escherichia ,£.q1 1 •
GRISEOFULVIN 
DOSE ug ml"1 .
PRT h. PRR flips h"1.
40.0 21.50 19.0
20.0 19.75 20.0
10.0 19.50 19.0
5.0 18.25 19.0
2.5 17.75 20.0
1.25 17.75 20.0
0.625 17.75 19.0
0.000 17.75 21.0
Table 3.12 The effect of griseofulvin dose on the impedimetric responses 
of Aspergillu s , niger.
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GRISEOFULVIN 
DOSE pg ml~V,
PRT h. PRR flips h~1.
Rishia
membaranaefaciens. 
20.0 42.5 1.6
10.0 38.0 1.7
1.0 33.0 1.6
0.0 28,0 3.0
Saccharomyces
cerevisiae.
20.0 27.0 3.6
10.0 17.0 3.6
1.0 11.0 3.8
0.0. 11.0 4.1
Zvgosaccharomyces
sp.
20.0 23.0 8.0
10.0 18.2 8.0
1.0 17.5 8.2
0.0 17.0 8.9
Table 3.13 The effect of griseofulvin dose on the impedimetric responses 
of four yeast strains.
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3.5 SCREEN FOR TRICHOTHECENE SENSITIVE MICROORGANISMS.
3.5.1 INTRODUCTION.
It was shown in the previous section that impedimetry is a more rapid and 
sensitive means of detecting toxin-induced microbial morbidity than the 
conventional disc diffusion tests. In this section of the project impedimetric 
techniques were used to assess the sensitivity of a large number of different 
microorganisms to the toxic effects of trichothecene mycotoxins. There was some 
evidence that prokaryotes were less sensitive to trichothecenes than eukaryotes 
(Burmeister & Hesseltine ,1970; Reiss, 1975), therefore the majority of species 
tested in this initial screen were fungi. The responses of a large number of 
species from a wide range of genera were studied. Microorganisms were either 
obtained from culture collections or were isolated from natural sources. The 
purpose of the work described in this section was to select a small number of 
sensitive microorganisms for further study. A two stage screening process was 
used. In the first stage a large number of organisms were challenged with T-2 
toxin at the single dose of 1.0 pg ml-1. T-2 toxin was chosen because it is 
recognised to be the most toxic of those most frequently associated with 
mycotoxicoses and it is also one of the most readily available trichothecenes. 
On the basis of the results obtained 32 strains were selected for the second 
stage, in which each strain was challenged with four more trichothecene 
mycotoxins; DAS, DON, roridin-A and verrucarin-A, each administered at a dose 
level of 1.0 pg ml"1 .
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3.5.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Table 3.14. 
The techniques involved are described more fully in section 3.2.
Microorganisms. 20 bacterial strains.
195 yeast strains 
74 mould strains
The strains used are listed in full in 
section 3.5.3.
Media. YEB for bacteria. 
MBG for fungi.
Volume of uninoculated medium. 0.4 ml.
Volume of inoculum. 0.1 ml.
Initial cell concentration 
in the wells.
Bacteria 10* - 10s cfu ml-1. 
Fungi 10s - 10e cfu ml"1
Trichothecene used in the 
primary screen.
T-2 toxin.
Trichothecenes used in the 
secondary screen.
DAS, DON, roridin-A, T-2 toxin, 
verrucarin-A.
Trichothecene dose level. 1.0 pg ml-1.
Solvent. Dichloromethane/methanol (95:5 v/v).
Incubation temperature. 32eC for bacteria and yeasts. 
25°C for moulds.
Number of replicates. 2.
Test duration. 24 h for bacteria and yeasts. 
72 h for moulds.
Table 3.14 Summary of the materials and methods used in the screen for 
trichothecene sensitive microorganisms.
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3.5.3 RESULTS.
The species that were found to be unaffected by the presence of T-2 toxin 
at the dose of 1.0 pg ml-1 are listed in Table 3.15. Twelve of the 20 strains of 
bacterium (60%), 38 of the 197 strains of yeast (19.3%) and 20 of the 72 
strains of mould (72.8%) were sensitive.
The most obvious effect of T-2 toxin on sensitive organisms was to 
retard the whole response curve. Figs. 3.2, 3.3 and 3.3 show the effects of 
T-2 toxin (1.0 pg ml-1) on the impedimetric responses of the bacterium 
Escherichia coli. the yeast Lodderomyces elongisporus CBS 2605 and a mould 
belonging the genus Rhizopus. In each case it can be seen that dosing with 
T-2 toxin retards the peak response time (PRT). The three examples also 
demonstrate that toxin dosing may also affect the form of the curve, eg 
altering the amplitude of peaks (PRR). However such effects are not consistant 
or common to all affected species. For most of the species tested, the most 
easily recognised feature of their Bactometer printouts is the period of rapid 
impedance change which corresponds to the peaks seen in Figs 3.2, 3.3 and 3.4. 
Therefore in Table 3.16, the difference observed between the control and dosed 
cultures is usually expressed as the lag in hours between the PRTs. In certain 
instances when moulds were tested, clearly defined peaks were not apparent and 
so in these cases the lag was determined by comparing the cross-over point 
times. In other instances PRTs were poorly defined and cross-over points were 
not observed. For these an assessment of a general lag time was made, which 
was the mean of the differences of various points on the curves. Each test was 
performed in duplicate and it was found that the variation between duplicates 
for each recorded parameter never exceeded 6 min. Standard deviations were 
typically in the region of 3 min.
-130-
Fig. 3.2 The effect of T-2 toxin (1 pg ml”1 of medium) on the impedimetric 
response of Escherichia coli incubated at 30'C in YEB at an inoculum level 
of 1 x 105 cfu ml"1 . O , dosed cultures; • , control cultures.
(each point is the mean of duplicate tests).
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Fig. 3.3 The effect of T-2 toxin (1 pg ml"1 of medium) on the impedimetric 
response of Lodderomvces elongisporus incubated at 30 *C in YEB at an inoculu 
level of 1 x 10s cfu ml"1. O , dosed cultures; • , control cultures.
(each point is the mean of duplicate tests).
R
E
S
P
O
N
S
E
O-
oo
to­
coCM
'x
M
a
iL
Fig. 3.4 The effect of T-2 toxin (1 pg ml”1 of medium) on the impedimetric 
response of Rhizopus sp. incubated at 30 *C in YEB at an inoculum level 
of 1 x 10s cfu ml-'1 . O , dosed cultures; • , control cultures.
(each point is the mean of duplicate tests).
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h
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Using the results of this initial screen it was possible to choose the 32 
strains listed in Table 3.17. Selection was based on two main criteria, the 
first being the length of the lag produced by dosing with T-2 toxin; those with 
a larger lag were preferred. The second criterion was the speed of response, 
thus some strains were rejected because they were too slow in producing 
results, eg Helicodendron spp, even though they may be very sensitive. In 
addition two yeast species, Kloeckera apiculata and Zygosaccharoinyces sp were 
chosen in order to assess the sensitivity to other trichothecenes of strains 
with little or no sensitivity to T-2 toxin. The former was not apparently 
affected by T-2 toxin and the latter only slightly so.
Table 3.17 shows the results of all five test toxins, T-2 toxin, DAS, DON, 
roridin-A and verrucarin-A on the 32 strains chosen for the secondary screen. 
The table shows the lag time in hours between control and dosed cultures. It 
can be seen that DON elicits little or no response from most of the test 
strains. The macrocyclic trichothecenes, roridin-A and verrucarin-A, clearly 
have a more pronounced effect on moulds and especially on the yeasts than on 
the bacteria.
3.5.4 DISCUSSION.
The use of impedimetry allowed a surprisingly large number of 
microorganisms sensitive to 1.0 pg ml-1 of T-2 toxin to be detected. In 
particular the discovery that twelve of the 20 bacteria tested were affected 
was unexpected in view of their reported lack of sensitivity (Freeman & 
Morrison, 1949; Burmeister & Hesseltine, 1970; Reiss, 1975). Burmeister & 
Hesseltine (1970) tested 54 bacterial strains on seeded agar plates against 
filter paper discs containing 50 pg of T-2 toxin and found that none were 
sensdtlve. Sukroongreung et al (1984) screened 75 yeasts for sensitivity to
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T-2 toxin, but direct comparison is difficult because they used an MIC method.
33 strains had MIC’s less than 8.0 pg ml”1. The most sensitive strains they 
found were three strains of Kluveromvces fragilis and one of Torulopsis 
sphaerica (imperfect form of Kluvveromyces lactis). with MIC’s between 1.0 and 
4.0 pg ml""1 . Burmeister & Hesseltine (1970) found a strain of Rhodotorula rubra 
(NRRL Y-7222) which was sensitive to 4.0 pg ml-1 of T-2 toxin on paper discs. 
We tested this strain using our sustem and found it less sensitive to T-2 toxin 
than many other yeasts (PRT lag 3 h compared to more than 18 h for 
Hansenula fabianii (CBS 5640).
This impedimetric method of testing thus seems more sensitive than either 
paper discs or MIC methods.
Although a number of T-2 toxin sensitive moulds were detected (especially 
Helicodendron spp) their response times were very long compared to the yeasts 
and bacteria, and they did not compensate for this by being much more sensitive 
to other trichothecenes. The poor sensitivity to DON of all the strains was 
disappointing, since this toxin is one of the most commonly found in cereals. In 
this context it is interesting that the Zygosaccharomvces sp with the lowest 
sensitivity to T-2 toxin showed the highest sensitivity to DON of all the fungi 
tested (Table 3.17). DON is a far more polar molecule than the other test 
toxins, therefore it may not as readily pass cell membranes or affect sub- 
cellular components and this may explain its apparently low toxicity. Further 
tests would be useful to investigate this. Indeed it would be interesting to 
repeat the screening process using DON instead of T-2 toxin in order to find 
strains more sensitive to DON. The K.fragilis strain of Schappert & 
Khachatourians (1984) is also not sensitive to DON.
The following four organisms were chosen for further studies: B. subtilis 
EGA, C. albicans strain C, Han, fabianii CBS 5640 and P. burtonii (FKBRA).
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BACTERIAL STRAINS (Source).
Bacillus.cereus (UOS).
B. subtilis (UOS).
Escherichia .coli (UOS).
Lactobacillus sp (MPFSL).
Micr.gQgc.cys luteus (MPFSL). 
Micrococcus sp (MPFSL).
Proteus sp (MPFSL).
Pseudomonas marginalis (UOS).
YEAST STRAINS -(Source), ___     ~
Botryoascus synnaedendrus CBS 6161. 
Brettanomvces anomalus CBS 5111. 
Bullera dendrophila CBS 6460. 
Candida albicans strain a (VH).
C. anatomiae CBS 5547.
C. apis CBS 2647.
C. chiroptorum CBS 6064.
C. karawaiewii CBS 5214.
C. mvcoderma (FMBRA).
C-,-tropical la CBS 94.
Citeromvces matritensis CBS 2764. 
Cryptococcus.. hungaricus CBS 4214.
Table 3.15 Microorganisms whose growth was found to be unaffected by the 
presence of 1.0 pg ml"1 T-2 toxin in their growth medium.
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■YE AST.. SIRAIES. ,_CSfluroe >._<cont*>-i
Debaroroyces hansenii CBS 767.
IL. hansgnii (FKBRA).
Endoipycopsella vini CBS 4110. 
Filobasidium capsuligenum CBS 1906. 
Hanseniaspora nodinigri CBS 8031.
£er.dli CBS 6695. 
Issatc.lie,iik.ia_,t£r.ricQla CBS 4715. 
Kloeckera apiculata (FKBRA).
K. lindneri CBS 285.
Kluyveromvces aesruarii CBS 4904. 
Leucosporidlum _ge.liduni CBS 5272. 
Lipomyces starkeyi CBS 1807. 
Malassezia packydermatis CBS 1879. 
Mastigomyces pbilipovii CBS 7047. 
Metschnlkowia lunata CBS 5946. 
Nadsonia elongata CBS 2594. 
Qosporidium margitiferuro CBS 2531. 
Ehaifla.X-hQd.Pg.yma CBS 5905.
Pichia delftensis CBS 2614.
P. membranaefaciens (UOS). 
Rhodosporidium dacryoiduis CBS 6353. 
Rho. diobovatum CBS 6085. 
Rhodotorula glutinis (UOS).
Table 3.15 (cont.).
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YEAST STRAINS (Source) (cont,),
R. ingeniosa CBS 4240.
Saccharomyces dairensis CBS 421.
S. exiguus CBS 379.
Saccharomycopsis capsularis CBS 2519.
SpocidiobQlus..Jphns.Qn.ii CBS 5470. 
Sporflbfllpayces,.gracilis CBS 7028. 
Sppcapashydarjaa.-lagtatixora CBS 6058. 
Sterigmatoroyces elviae CBS 5922.
Sympidiomyces parvus CBS 6147.
Trichosporon beemeri CBS 6950.
Xeromvces bisporus (FKBRA).
Zvgosaccharorayces m.icroellipsipides CBS 427
UNIDENTIFIED YEAST STRAINS (Source)..
A 1-7, 7 strains isolated from laboratory air. 
AH 1-4, 4 strains isolated from house air.
B 1-4, 4 strains isolated from bread.
BR 1, 1 strain isolated from a beer bottle.
C 1-6, 6 strains isolated from cherries.
D 1-3, 3 strains isolated from dates.
DF 1-3, 3 strains isolated from dried apricots. 
Dg 1-4, 4 strains isolated from dog fur.
Table 3.15 (cont.).
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UNIDENTIFIED YEAST STRAINS (Source) ( c o n t . ) . __________________
Du 1, 1 strain isolated from laboratory dust.
Fe 1-3, 3 strains isolated from feathers,
Fr 1-6, 6 strains isolated from fruit (nectarines, peaches and apples),
Fsk 1-2, 2 strains isolated from plums.
Fu 1-4, 4 strains isolated from cat fur.
GC 1-2, 2 strains isolated from glace cherries.
H 1-14, 14 strains isolated from human hair.
J 1, 1 strain isolated from jam.
K 1-4, 4 strains isolated from kiwi fruit.
M 1-8, 8 strains isolated from meat.
R 1-3, 3 strains isolated from rice pudding.
SKI 1-5, 5 strains isolated from human skin.
So 1-2, 2 strains isolated from soil.
Su 1-2, 2 strains isolated from sultanas.
X 1-8, 8 strains isolated from kitchen air.
Y 1-2, 2 strains isolated from yams.
a-e, 5 strains isolated from projector room air. 
f & h, 2 strains isolated from laminar flow cabinet. 
i,j,l,m, & n, 5 strains isolated from laboratory air. 
p, 1 strain isolated in an autoclave room.
Table 3.15 (cont.).
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■HQgULSIBAIHS. (Source).
Aspergillus candidus (FKBRA).
A. amstelodami (UOS).
Aureobasidium (FKBRA).
Beverwykella pulroonaria (UOE).
Fusarium graminearum. IKI 263 189.
F. graroinearuni IMI 263 190.
F. graminearum IKI 263 191.
F, graminearum IMI 263 192,
F. graminearum IMI 183 761.
F. solani (ARC Letcombe).
F. sporotricbioides 4.12 MNT (UOM) (”F. solani1* ATCC 26533).
F. sporotrichioides 4.3 MNT (UOK) (’ Lieincturn’1 ATCC 24631). 
Helicodendron fractum (UOE).
H. intestinale (UOE).
H. westerdiikae (UOE).
Helicoon farinosum (UOE).
He. phiriseptum (UOE).
Mucor sp I from ivy.
Mucor sp II from peach.
Mucor sp III from bread.
2 strains of Kucor from cake.
7 strains of Penicillium from laboratory air.
4 strains of Penicillium from house dust.
Table 3.15 (cont.).
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....MOULD STRAINS (Source) (cont.). . .
Eenicillium. sp XV from apple.
Esnicillivia sp XVI from jam.
Penicillium sp XVII from cake.
Stackvbotrvs echinata (FKBRA).
Trickoidiura SDlendens (UOE).
Verticillium sp (UOS).
W&nejjjia s£bi (FKBRA).
5 strains of unidentified mould from laboratory air.
3 strains of unidentified mould from kouse dust.
Table 3.15 (cont.).
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PEAK ■RESPONSE TIKE (h)
SIgAIflS.<gQurfie)._____________CONTROL, DOSED. LAG. NOTES
BACTERIA.
Bacillus sp (MPFSL). 6.0 7.0 1.0
B. suhtilis BGA. 3.5 8.5 5.0 *
Chromobacterium violaceum (UOS). 7.5 - - a(1.5h)
Enterobacter sp I (MPFSL). 5.0 5.5 0.5
Enterobacter sp II (MPFSL). 7.0 8.0 1.0
Erwinia carotovora (UOS). 4.5 - - a(0.5h)*
Er. herbicola (UOS). 14.0 21.0 7.0
Escherichia coli (MPFSL). 7.0 9.0 2.0
E. coli NCTC 10538. 5.0 6.5 1.5
Klebsiella sp (MPFSL). 7.5 - - a(1.5h)
Staphylococcus aureus NCTC 1446. 7.0 18.0 11.0 b
Streptococcus sp (MPFSL). 4.5 5.0 0.5
YEASTS.
Candida albicans strain b (VH). 9.0 12.0 3.0
C. albicans strain c (VH). 18.0 24.0+ 6.0+
C. albicans strain d (VH). 10.5 12.5 2.0
C. albicans strain e (VH). 9.5 13.5 4.0
C. albicans strain f (VH). 11.0 17.0 6.0
C. bombicola CBS 6009. - - 8.0 c
Table 3.16 Effects of T-2 toxin (1.0 pg ml"1 of medium) on the impedimetric 
responses of selected microorganisms (results are means of 
duplicate determinations).
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PEAK RESPONSE TIME (h).
__________ STRAINS (Source)._________
Endoroyces fibuliger CBS 2521. 
Geotrichuro candidum (FMBRA).
SL_£ici (FMBRA).
Hanseniaspora nodinigri CBS 8031. 
Hansenula anomala (FMBRA).
H. anomala CBS 5759.
H. capsulata CBS 1993.
H. fabianii CBS 5640.
H, petersoni CBS 5555.
H. subpelliculosa (FMBRA).
H. subpelliculosa CBS 115.
Kluyveroroyces thermotolerans CBS 6340. 
Lodderomyces elongispor.us CBS 2605. 
Pichia ambrosiae CBS 6003.
P. burtonii (FMBRA).
P. membranaefaciens (FMBRA). 
Rhodosporidiuro diobovatum CBS 6085. 
Rhodotorula -rubra NRRL 1-1222 (PD). 
Saccharomyces cerevisiae (UOS).
Sacch. uvarum laboratory strain. 
Sac£harjmycoideg-_ludYa.g.ii (FMBRA). 
Saccharomycoides ludwigii CBS 821.
CONTROL. DOSED. LAG. NOTES.
14.0 20.0 6.0
22.0 24.0 2.0
- - - d
11.0 12.0 1.0
8.0 14.0 6.0
7.0 10.0 3.0
- - - d
6.0 24.0+ 18.0+ b
12.0 24.0+ 12.0+
9.0 24.0+ 15.0+
12.0 24.0+ 12.0+ b
12.0 16.0 4.0
13.0 18.0 5.0
- - 8.0 c
12.0 16.0 4.0
- - 8.0 c
7.0 10.0 3.0
16.5 19.5 3.0
14.5 30.5 16.0
18.0 19.0 1.0
14.0 16.0 2.0
9.5 10.5 1.0 e
Table 3.16 cont.
PEAK RESPONSE TIME (h)
STRAINS ,iSgur.Qg)i_____________CONTROL. .DOSED,____LAG flQIES,
Sehizosaccharomyces octosporus (FMBRA), 12.0 14.0 2.0
Schiz. pombe (FMBRA). 12.0 15.0 3.0
Schwanniomvces occidentalis CBS 819. 18.0 22.0 4.0
Sporothrix catenata CBS 215.79. - - 2.0 d
Torulaspora delbreuckii CBS 1146. 7.0 9.0 2.0
Trichosporon peniculatum (FMBRA). 9.0 11.0 2.0
Zvgosaccharoinvces bailil (FMBRA). 23.0 28.0 5.0
Zygosaccharomvces sp (UOS). 26.5 27.0 0.5
Unidentified yeast f (air). 9.0 15.0 6.0
Unidentified yeast j (air). 18.0 20.0 2.0
MOULDS.
Aspergillus amstelodami (FMBRA). 20.0 22.5 2.5
A. flavus (FMBRA). 20.0 22.0 2.0
A. cbevalieri (FKBRA). 36.0 48.0 12.0
A. niger (UOS). 17.5 18.0 0.5 e
A. ocbraceous (UOS). 14.0 15.0 1.0 e
A. tamarii (UOS). - - 3.0 c
Fusariuis culmorum (ARC Letcombe). 24.0 27.0 3.0
F. sporotrichioides 4.3 KNT (UQK). 26.0 23.0 3.0
F. sporotrichioides 4.9 KNT (UOM). - - 4.0 c
Helicodendron giganticum (UOE). 42.0 72.0+ 30.0+
H. paradoxum (UOE). 42.0 48.0 6.0
Table 3.16 cont.
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PEAK RESPONSE TIME (h).
STRAINS (Source). CONTROL. DOSED. LAG. NOTES.
Penicillium digitatum (UOS). 22.0 36.0 14.0
P. frequentans (UOS). 36.0 42.0 6.0 e
Penicillium sp ex beetroot (UOS). 33.0 - - d
Penicillium sp I from bread. 36.0 60.0 24.0
Penicillium sp II from air. 24.0 - - d
Rhizopus sp (UOS). 25.0 27.0 2.0
Unidentified mould a from air. 13.5 23.0 9.5
Unidentified mould I from air. 13.5 21.5 8.0
Unidentified mould II from air. 30.0 42.0 12.0
Table 3.16 cont.
KEY.
a - Rapid growth phase increased, but no shift in peak response time produced 
by dosing with T-2 toxin, 
b - Peak amplitude reduced in size.
c - Estimate made from the form of the response as no peaks were observed,
d - No growth in dosed wells in the time available,
e - Lag estimated from the differences observed between the cross-over times
of dosed and control cultures.
* - Cultures tested at an inoculum level of 1 x 10G cfu ml"1.
DIFFERENCE
AND
IN THE PEAK RESPONSE 
CONTROL SAMPLES (h).
TIMES OF DOSED
STRAIN (Source). T-2 TOXIN. DAS. DON. RORIDIN
A.
VERRUCARIN
A.
BACTERIA.
Bacillus sp (MPFSL). 1.0 0.0 0.0 1.0 0.5
B, subtilis BGA. 5.0 0.5 6.0 0.0 1.0
Entetobacifir. sp II (MPFSL) 1.0 4.0 0.0 0.0 0.25
Er. herbicola (UOS). 7.0 2.0 4.0 0.0 0.25
Escherichia coli (MPFSL). 1.0 0.0 0.0 0.25 0.25
E.coli NCTC 10538. 1.5 0.0 0.0 0.0 0.75
Staphylococcus aureus 11.0 0.0 2.0 1.0 0.5
NCTC 1446.
Streptococcus sp (MPFSL). 0.5 0.0 2.0 0.0 0.5
YEASTS.
Candida albicans strain c (VH). 6.0+ 2.5 1.25 6.0 6.5
C. albicans strain f (VH). 6.0 0.5 0.0 6.0 15.0+
Endomvces fibuliger CBS 2521. 6.0 5.0 -2.0 d 15.0+
Hanssnula. anomla (FMBRA). 6.0 2.0 1.25 12.0 11.0
H. fabianii CBS 5640. 12.0+ 6.0 0.5 d 18.0+
H, petersoni CBS 5555. 12.0+ 4.0 0.5 d 18.0+
H- SUbpelliQ.U.LDSa (FMBRA). 12.0+ 8.0 0.25 24.0 16.0+
Table 3.17 Effect of various trichothecenes (1.0 pg ml-1 of medium) on the 
impedimetric responses of selected microorganisms.
(results are the means of duplicate determinations).
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DIFFERENCE
AND
IN THE PEAK RESPONSE 
CONTROL SAMPLES (b).
TIMES OF DOSED
STRAIN (Source). T-2 TOXIN. DAS. DON. RORIDIN
A.
VERRUCARIN
A.
Kloeckera apiculata (FMBRA). 0.0 0.0 0.25 21.0+ 19.0+
Kluvveromyces tbermotolerans 4.0 0.0 0.25 a b
CBS 6340.
LQd6eroiQyce5_elDngie.poru£ 5.0 4.0 -0.5 18.0+ 16.0+
CBS 2605.
Pichia burtonii (FMBRA). 4.0 8.0 0.0 15.0 6.0+
P. membranaefaciens (FMBRA). 8.0 0.0 0.5 3.0 12.0
Rbodosporidiuni diobovatum 3.0 6.0 0.0 0.0 d
CBS 6085.
Rbodotorula rubra 3.0 4.0 NT 4.0 5.0
NRRL Y-7222 (PD).
Saccharomyces cerevisiae 16.0 0.0 0.0 0.0 16.0+
(UOS).
Zvgosaccbaromvces sp (UOS). 0.5 0.25 2.0 12.0+ 11.0+
Unidentified yeast f (air). 6.0 -0.5 0.0 4.0 d
MOULDS.
Aspergillus flavus (FMBRA). 2.0 0.0 0.0 2.0 6.0
A. chevalieri (FMBRA). 12.0 0.25 0.0 4.0 d
Table 3.17 (cont).
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DIFFERENCE 
......  AND
IN THE PEAK RESPONSE 
CONTROL SANPLES (h).
TIKES OF DOSED
STRAIN (Source). T-2 TOXIN. DAS. DON . RORIDIN 
A.
VERRUCARIN
A.
Fusariua. sporotrigkip.idss 6.0 
4.3 MNT (UOM).
3.5 d 0.0 4.0
PeniciIlium digitatum (UOS). 12.0 2.5 0.0 10.0 d
P. frequentans (UOS). 6.0 0.0 0.0 5.0 7.0
Penicillium sp I from bread. 24.0 0.0 0.0 1.0 4.0
Unidentified mould a from air. 9.5 0.0 0.0 3.0 6.0
Unidentified mould III 12.0 
from air.
4.0 0.0 6.0 8.0
Table 3.17 (cont).
KEY.
NT - Not tested.
See Table 3.16 for key to other symbols.
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3.6 STUDIES Off THE EFFECT OF CARBOHYDRATES OH MICROBIAL SEHSITIVITY
TO TRICHQTHECEHE KYCOTOXIMS.
3.6.1 INTRODUCTION.
Schappert and Khachatourians (1983), using disc diffusion tests, found 
that the carbon source included in test media affected the sensitivity of 
Saccharomvces cerevisiae and S.carlsbergensis to T-2 toxin. Their results 
indicated that glucose repressed microbial sensitivity to T-2 toxin while 
glycerol enhanced it. It was considered that if the carbon source available to 
microorganisms did determine their sensitivity to T-2 toxin, then this would 
need to be investigated as a way of increasing the sensitivity of the microbial 
bioassay system being developed.
3.6.2 MATERIALS & METHODS.
The materials and methods are summarised in Table 3.18. The techniques 
involved are described more fully in section 3.2.
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Microorganisms. Bacillus subtiiis BGA.
CandId a isana strain C (VH). 
Hansenula fabianii CBS 5640. 
Hyphopichia burtonii (FMBRA).
Media. YEPBfor
for
ILsub±ilis..
C-albicans.,
Hfabianii. 
' pburtonii.
Carbohydrate source. Fructose (2.0 % w/v) 
Galactose (2.0 % w/v) 
Glucose (2.0 % w/v) 
Glycerol (1.0 % w/v) 
Lactose (4.0 % w/v) 
Maltose (4.0 % w/v) 
Sucrose (4.0 % w/v)
Volume of uninoculated medium. 0.4 ml.
Volume of inoculum. 0.2 ml
Initial cell concentration 
in the wells.
3 x 10e 
3 x 10s
for B.smbtilis.. 
for C..albicans,
K B..-fabianii, 
fi.burtonii.
T-2 toxin dose levels. 0.0, 0.5, 1.0, 2.0 pg ml"1 .
Solvent. Dichloromethane/methanol (95:5 v/v).
Incubation temperature 32 *C.
Number of replicates. 2
Test duration. 48 h.
Table 3.18 Summary of the materials and methods used in the studies on the 
effect of carbohydrates on microbial sensitivity to 
trichothecene mycotoxins.
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3.6.3 RESULTS AND DISCUSSION.
No clear pattern of response emerged from these studies on the effects of 
carbohydrates on microbial sensitivity to T-2 toxin (Table 3.19). It was 
impossible to determine what effects certain carbohydrates had on particular 
test organisms, as in some cases no impedimetric responses could be detected in 
either dosed or control cultures. This can happen even if microbial growth is 
occurring, if that growth does not cause changes in the chemistry of the medium 
such that its impedance is altered to a detectable degree. Such cases are shown 
on Table 3.19 as having ”No Impedimetric Response”. However in the majority of 
cases responses were obtained, thus it was possible to compare the effects of 
different carbohydrates (on microbial sensitivity to T-2 toxin).
In their earlier study, Schappert & Khachatourians (1983) looked at the 
effects of six different carbohydrates on the sensitivity of two yeast species, 
Saccharomvces cerevisiae and S, carlsbergensis to T-2 toxin. They incubated 
seeded agar plates on which they placed filter paper discs containing 100 pg of 
toxin. For both species the zones of growth inhibition were least when glucose 
was the carbon source. Vith the other substrates the zones increased in the 
order; sucrose < maltose < galactose < raffinose < glycerol. They suggested that 
this effect was due to the action of the toxin on mitochondria. Functioning 
mitochondria - are required by eukaryotes to utilise glycerol, raffinose, 
galactose and maltose, therefore using any of these as the carbon source for a 
eukaryotic organism would increase its sensitivity to T-2 toxin.
The results given in Table 3.19 do not seem to suggest that glucose 
reduces the sensitivity to T-2 toxin of any of the three eukaryotes studied 
(Candida albicans. Hansenuia fabianii and Ei£ki&...b.urtQBn >. Hi ifrbianii and 
P. burtonii appeared to be most sensitive to the growth retarding effects of 
T-2 toxin when they were grown in the medium containing glucose. C. albicans.
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although not at its most sensitive when grown in this medium was still very- 
sensitive when it was used. Furthermore glycerol does not appear to enhance 
sensitivity in either C. albicans or H. fabianii. while P. burtonii only 
produced impedimetric responses in media containing fructose, glucose or 
sucrose. Comparison of the effects of glucose with galactose or maltose is made 
difficult by the differing responses of C. albicans and H. fabianii. The 
sensitivity of the former was greatest when galactose was used as the carbon 
source and decreased when maltose or glucose were used. H. fabianii was most 
sensitive in the presence of glucose and slightly less sensitive in the presence 
of galactose and much less so in the presence of maltose. For Bacillus subtilis 
the only prokaryote to be tested, sensitivity to T-2 toxin was similar in 
glycerol and glucose. As a whole these results do indicate that microbial 
sensitivity to T-2 toxin is affected by the medium in which they are grown, 
however the way in which different media exert effects remains unclear. For the 
organisms tested in this study it would appear that T-2 toxin does not act 
principally in the way suggested by Schappert & Khachatourians. However more 
work would be required before firm conclusions could be drawn on the manner 
in which carbohydrates affect microbial sensitivity to T-2 toxin. These results 
did not suggest that the sensitivity of the four selected strains could be 
improved by the use of the media described in this section nor by any simple 
alteration of the carbohydrate balance of the media chosen earlier in the 
project (Section 3.3).
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CARBON SOURCE STRAIN. STRAIN.
(% w/v). Bacillus subtilis. Candida albicans.
T--2 TOXIN DOSE (use ml”1 \ T-2 TOXIN DOSE (pg ml”i:’.
0.5 1.0 2.0 0.5 1.0 2.0
Fructose (2.0). 1.5 2.5 2.0 0.5 0.7 1.0
Galactose (2.0). No Impedimetric Response. 5.0 5.5 6.0
Glucose (2.0). 0.2 0.4 0.5 0.0 1.0 2.0
Glycerol (1.0). 0.5 1.5 1.5 0.5 0.5 0.5
Lactose (4.0). -0.5 1.0 1.0 0.0 0.0 0.4
Maltose (4.0). No Impedimetric Response. 1.5 3.0 2.5
Sucrose (4.0). 0.1 0.1 0.1 No Impedimetric Response.
CARBON SOURCE STRAIN. STRAIN.
(w/v). Hansenula fabianii. Pichia burtonii.
T-2 TOXIN DOSE (usr ml-1 \ T-2 TOXIN DOSE (ug ml”1 .
0.5 1.0 . 2,0. 0.5 1.0 2.0
Fructose (2.0). 0.2 1.0 2.0 0.2 1.0 1.0
Galactose (2.0). 1.5 7.5 18.5 No Impedimetric Response.
Glucose (2.0). 0.0 11.5 19.5 1.0 6.0 8.0
Glycerol (1.0). 0.8 1.3 2.2 No Impedimetric Response.
Lactose (4.0). 1.4 1.6 2.4 No Impedimetric Response.
Maltose (4.0). 0.5 2 0 lo Impedimetric Response.
Sucrose (4.0). 0.5 0.5 2.0 0.0 0.5 1.0
Table 3.19 Effect of carbon source on the sensitivity of microbial species
to T-2 toxin. Figures show the delay in hours in the peak response 
time induced by T-2 toxin dosing.
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3.7 STUDIES ON THE EFFECT OF CARRIER SOLVENT ON MICROBIAL SENSITIVITY
TO TRICHOTHECENE MYCOTOXINS.
3.7.1 INTRODUCTION.
In previous studies trichothecenes were dissolved in a mixture of 
dichloromethane and methanol (95:5 v/v) to make stock solutions which were then 
used for dosing media. Other workers (M .Howell, personal communication) use 
chloroform as the solvent of choice. Therefore it was decided to briefly compare 
the performance of the two solvent systems. Each of the test strains was 
exposed to a single dose of T-2 toxin dissolved in either chloroform or 
dichloromethane/methanol, in its growth medium and the sensitivity of the 
organisms to the toxins derived from the different solutions was compared.
3.7.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Table 3.20. 
The techniques involved are described more fully in section 3.2.
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Microorganisms. Bacillus subtilis BGA.
Candida albicans strain C (VH), 
Hansenula fabianii CBS 5640, 
Pichia burtonii (FMBRA).
Media YEB for B. subtilis. 
MBG for C. albicans.
Hi fabianii, 
Ei-Jziirtonii.
Volume of uninoculated media. 0.4 ml.
Volume of inoculum. 0.2 ml.
Initial cell concentration 
in the wells.
1 x 10e cfu ml"1 for B. subtilis. 
1 x 10s cfu ml"1 for C. albicans.
H..__£abianii,
P. burtonii.
s
T-2 toxin dose level. 1.0 /ig ml"1 .
Solvents. Chloroform,
Dichloromethane/methanol (95:5v/v).
Incubation temperature. 32‘C.
Number of replicates. 2.
Test duration. 48 h.
Table 3.20 Summary of the materials and methods used in the studies on the 
effect of carrier solvents on microbial sensitivity to 
trichothecene mycotoxins.
3.7.3 RESULTS & DISCUSSION.
Despite efforts to rid media of the solvents in which the T-2 toxin was 
dissolved it would appear that residual amounts of the solvents remained to 
affect the sensitivity of the test strains to T-2 toxin (Table 3.21). C. albicans 
was more sensitive to T-2 toxin dissolved in chloroform whereas H. fabianii and 
P. burtonii were more sensitive when T-2 toxin was dissolved in
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ichloromethane/methanol. B, subtilis was not markedly affected by the type of 
arrier solvent used. The reasons for the difference can only be explained by 
tie residual solvents in the media having a synergistic effect with T-2 toxin, 
□ssibly by facilitating toxin transport across cell membranes. The presence O'.f 
ny of the solvents alone had no discernible effects on the responses of any of 
tie strains.
TEST SPECIES. CHLOROFORM. DICHLOROMETHANE/
METHANOL.
Bacillus subtilis. 1.1 1.0
Candida albicans. 5.5 3.0
Hansenula fabianii. 6.4 21.1
Pichia burtonii. 6.2 13.0
able 3.21 The effect of solvent systems on sensitivity to T-2 toxin 
figures show the delay in hours in the PRT induced by 
T-2 toxin.
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3.8 STUDIES OH THE RELATIONSHIP BETWEEN T-2 TOXIN DOSE AND THE 
IMPEDIMETRIC RESPONSES OF MICROORGANISMS.
3.8.1 INTRODUCTION.
The aim of this project was to develop a microbial bioassay for 
trichothecene mycotoxins, it was therefore necessary to determine which of the 
four selected strains (section 3.5) was most sensitive to the toxic effects of 
T-2 toxin. In order to do this dose-response studies were carried out using the 
Bactometer 32. The dose at which complete inhibition of growth occurs was the 
first thing that had to be determined for each strain (if possible). After this 
the organisms could be exposed to gradually lower levels of T-2 toxin until no 
effect levels (NELs) were reached. In this way the sensitivity of each strain to 
the toxin could be assessed. The results from such a study should yield 
valuable information on the manner in which the toxin exerts its effect (s) as 
well as demonstrating whether such techniques could be developed for assay 
purposes.
3.8.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Table 3.22. 
The techniques involved are described more fully in section 3.2.
A dose level of 20.0 pg ml-1 • which was the limit of solubility for T-2 
toxin, had to be used as the maximum dose for the first experimental run. In 
each experimental run cultures of a particular test strain were challenged with 
T-2 toxin given at seven dose levels, a pre-selected maximum dose plus the 
following fractions of that dose: tt, in addition to an undosed
control. The minimum dose level of one run became the maximum dose level of the
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next. Thus in the first run for each strain the maximum dose was 20.0 pg ml"1 
and the minimum dose was 5.0 pg ml"1, this became the maximum dose for the 
next run. This process was repeated until NELs were determined for each 
species.
Microorganisms. Bacillus..subtilis BGA.
Candida albicans strain C (VH). 
Hansenula fabianii CBS 5640. 
Pichia burtonii (FMBRA).
Media. YEB for B. subtilis 
MBG for C. albicans 
H. fabianii 
P. burtonii
Volume of uninoculated media. 0.4 ml
Volume of inoculum. 0.2 ml
Initial cell concentration 
in the wells.
1 x 10e cfu ml"1 for B. subtilis 
1 x 10s cfu ml"1 for C. albicans
H. fabianii 
P. burtonii
T-2 toxin dose levels. 20.0 - 0.0041 pg ml"1 .
Solvent. Chloroform for B. subtilis and C. albicans. 
Dichloromethane/methanol (95:5 v/v) for 
R*_fatdanii and P. burtonii.
Incubation temperature. 32 *C.
Number of replicates, 4.
Test duration. 48 h.
Table 3.22 Summary of the materials and methods used in the studies on the 
relationship between T-2 toxin dose and the impedimetric 
response of microorganisms.
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3.8.3 RESULTS & DISCUSSION.
Dose-response studies were carried out by observing the effect of 
T-2 toxin concentration on two aspects of the impedimetric response of the test 
strains . The first was the detection time (DT), ie the time at which changes in 
impedance due to microbial growth could first be detected, and the second was 
the peak response time (PRT), ie the time at which the rate of change of 
impedance reached its maximum level. The effects of the toxin dose on detection 
time for the four test organisms are shown in Figs. 3.5 - 3.8. In a number of 
instances the repeat dose samples produced identical results, and therefore the 
points are coincident on the graphs. Fig. 3.£f shows the response for
B. subtilis. Unfortunately the scatter of points does not allow a curve to be 
drawn. It was however possible to draw curves which were sigmoidal in form for 
DT verses dose for the other strains (Figs. 3.6 - 3.8). This was also true for 
all the strains when PRT was studied (Figs. 3.9 - 3.12). In Fig 3.9, which shows 
the effect of T-2 toxin dose on PRT for B. subtilis. it was possible to draw a 
well-defined curve as the dose response relationship appeared to be clearer 
when looking at the PRT than it was when looking at DT. The reason for this 
lies in the way the two parameters are measured. Assessments of DT are more 
subjective than those for PRT where the peak can be clearly seen. To measure DT 
it is necessary to locate the beginning of the curve. This is often difficult to 
gauge accurately.
No effect levels (NELs) were determined form both PRTs and DTs (Table 
3.23). The NELs obtained by the two methods were similar. It is clearly better 
to use PRTs, although these cannot be obtained so rapidly. The results show that 
H. fabianii and P. b a r ^ r  were both affected by T-2 toxin at much lower levels 
than were B. subtilis and C. albicans. In addition Hi..-fabian ii was the only 
strain whose growth was totally inhibited at the higher dose levels of
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7.0 pg ml-1 and above. All the organisms were affected in a dose dependent
b u r H o f x v  v
manner with the order of sensitivity as follows: H. fabianii > P. fatrranff >
C.albicans > B.subtilis. Using H. fabianii it is possible to detect T-2 toxin at 
levels as low as 0.012 pg ml"' or a quantity of toxin as low as 4.8 ng, with 
results being available within 15 h. The dose response experiments for all four 
test strains were repeated once and reproducibility was assessed by Snedecor’s 
variance ratio test (Snedecor & Cochran, 1967). In all cases the observed values 
for F were less than the 5 % level, it was therefore concluded that the 
differences between the standard deviations for the experiments were not 
significant. Each point shown in the figures is the mean of four replicates. 
Standard deviations for the four replicates were typically in the region of 
3 min for the three yeast strains and about 5 min for B.subtilis. This compares 
well with other bioassay systems that have so far been developed. No other 
microbial assay has as yet shown such a high degree of sensitivity for 
trichothecene mycotoxins.
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Fig. 3.5 T-2 toxin dose v observed detection time delay for B, subtilis 
Open and closed symbols are used to distinguish seperate experimental runs.
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Fig. 3.6 T-2 toxin dose v observed detection time delay for C. albicans. 
Dpen and closed symbols are used to distinguish seperate experimental runs 
q  , coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.7 T-2 toxin dose v observed detection time delay for Hi-, fabianii. 
Open and closed symbols are used to distinguish seperate experimental run 
®  , coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.8 T-2 toxin dose v observed detection time delay for . ft burtonii. 
Open and closed symbols are used to distinguish seperate experimental runs.
® , coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.9 T-2 toxin dose v observed peak response time delay for B, subtilis- 
Open and closed symbols are used to distinguish seperate experimental runs.
®  /coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.10 T-2 toxin dose v observed peak response time delay for C- albican; 
Open and closed symbols are used to distinguish seperate experimental runs.
Q  , coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.11 T-2 toxin dose v observed peak response time delay for Ee—  
Open and closed symbols are used to distinguish seperate experimental 
® , coincident observations from separate experimental runs.
Each point is the mean of four replicates.
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Fig. 3.12 T-2 toxin dose v observed peak response time delay for P-burto: 
Open and closed symbols are used to distinguish seperate experimental runs.
2 
TOXIN 
D
O
S
E
 
p
g
-168-
SPECIES.
NO EFFECT LEVEL pg ml-1.
DETECTION TIME DELAY, PEAK RESPONSE TIME DELAY.
Bacillus subtilis. 0.35
Candida albicans. 0.37 0.40
Hansenula fabianii. 0.013 0.012
Pichia burtonii. 0.016 0.018
Table 3.23 No effect levels of T-2 toxin for test species (determined from
logic, dose response curves using the T-2 toxin induced DT and PRT 
delays as the observed effect.
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3.9 STUDIES OH THE RELATIOHSHIP BETVEEH THE DOSE OF ELEVEH TRICHOTHECEHE 
HYCOTOXIHS AHD THE IMPEDIHETRIC RESPOHSE OF 
HASSBKUM FABIAIII CBS 5640.
3.9.1 INTRODUCTION.
Hansenula fabianii CBS 5640 was shown in section 3.8 to be extremely 
sensitive to the growth retarding effects of T-2 toxin. It was thought that a 
bioassay for trichothecene mycotoxins could be developed using this organism. 
Therefore it was considered that an investigation of the effects of other 
trichothecenes on the impedimetric responses of this species would be useful. In 
this section impedimetric dose-response studies were carried out on H. fabianii 
using each of the following toxins; DAS, DON, fusarenon-x, HT-2 toxin, 
neosolaniol, nivalenol, roridin-A, T-2 tetraol, T-2 toxin, T-2 triol and 
verrucarin-A.
3.9.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Table 3.23. 
The techniques involved are described fully in section 3,2.
In each experimental run cultures of H. fabianii were challenged with a 
single toxin given at seven different dose levels in addition to an undosed 
control. Dose levels were initially set at: 1.0, 0.5, 0.25, 0.12, 0.062, 0.031,
0.015 pg ml"-1 for each toxin. Toxins found to have an appreciable effect on the 
impedimetric responses of H. fabianii at the lowest dose levels used in the 
first experimental runs were selected for further study. The effect of reducing 
the dose levels of these toxins was investigated. The dose levels for these 
studies were fixed at: 31.2, 15.6, 7.81, 3.91, 1.95, 0.98, 0.48 ng ml”'1 .
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Microorganism. Hansenula fabianii CBS 5640.
Medium. MBG.
Volume of unincolulated medium. 0.4 ml.
Volume of inoculum. 0.2 ml.
Initial cell concentration 
in the wells.
1 x 10e cfu ml""1 .
Toxins. DAS.
DON.
Fusarenon-X. 
HT-2 toxin. 
Neosolaniol. 
Nivalenol. 
Roridin-A.
T-2 tetraol. 
T-2 toxin. 
T-2 triol. 
Verrucarin-A.
Dose levels. First run: 1.0 - 0.015 pg ml--1 . 
Second run: 31.2 - 0.48 ng ml"1.
Solvent. Dichloromethane/methanol (95:5 v/v).
Incubation temperature. 32 eC.
Number of replicates. 4.
Test duration. 48 h.
Table 3.24 Summary of the materials and methods used in studies on the 
relationship between dose of eleven trichothecene mycotoxins 
and the impedimetric response of Hansenula fabianii CBS 5640.
3.9.3 RESULTS & DISCUSSION.
The effects of the different trichothecene mycotoxins on four aspects of 
the impedimetric response of H. fabianii were recorded in this investigation. 
These were: the detection time (DT, the time at which impedance changes can 
first be detected), the peak response time (PRT, the time at which maximum
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impedance change occurs), the peak response rate (PRR, the maximum rate of 
change of impedance), and the cross-over time (CO, the time at which impedance 
change ceases). The results obtained are shown in Figs. 3.13 - 3.24. The 
trichothecene dose is plotted against the.percentage of the control response for 
each parameter, thus each graph has four individual plots. It can be seen from 
each of the plots in Figs. 3.14, 3.19, 3.22, 3.23, and 3,24 that DAS, roridin-A, 
T-2 toxin, and verrucarin A, all affect the growth of H. fabianii in a dose 
dependent manner. Of the eleven mycotoxins used in this study only two, 
roridin-A and verrucarin A, were macrocyclic trichothecenes. The results show 
that H. fabianii is extremely sensitive to the toxic effects of both compounds. 
Verrucarin-A is clearly the most toxic of the compounds used in the study. At 
doses of 0.125 pg ml"'1 and above it inhibited the growth of cultures to such an 
extent that full impedimetric responses could not be recorded in the time 
available. None of the other mycotoxins had such drastic effects on the growth 
of cultures even at the maximum test dose of 1.0 pg ml-1. The minimum effective 
dose for verrucarin A was found to be 0.98 ng ml'"1, the value for T-2 toxin is 
12.0 ng ml"1 (Section 3.8). Verrucarin A retards the growth of H. fabianii. 
resulting in increased PRT, DT and CO, it also has the effect of reducing the 
maximum rate of growth of cultures resulting in decreased PRR. If the toxin was 
irreversibly bound to its active site in the cell it would be effectively mopped 
up by susceptible cells which would then be unable to multiply, reducing the 
population of ’fertile’ cells in the culture. The remaining cells would still be 
able multiply and eventually the affected cells would be replaced and the 
culture would then behave like an undosed culture, its impedimetric response 
distinguishable only by a delay in the onset of impedance change. The reduction 
in the PRR resulting from the presence of verrucarin A shows that the toxin is 
constantly present in an active form to affect a proportion of cells and thus
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Fig. 3.13 Effect of DON dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
T PRR,
ODT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.14 Effect of DAS dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose, on the following parameters:
■ PET,
▼ PRR,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.15 Effect of fusarenon-x dose on the impedimetric responses of
H, fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
▼ PRR,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.16 Effect of HT-2 toxin dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PET,
▼ PRR,
ODT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.17 Effect of neosolaniol dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
▼ PRR,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.18 Effect of nivalenol dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PET,
▼ PER,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.19 Effect of roridin-A dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT, 
t PER,
ODT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.20 Effect of T-2 tetraol dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
▼ PRR,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.21 Effect of T-2 toxin dose on the imped metric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
▼ PRR,
O DT,
• CO are shown.
Each point is the mean of four replicates.
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Fig. 3.22 Effect of T-2 triol dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PET, 
t PRR,
O BT,
• CO are shown.
Each point is the mean of four replicates.
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3 Effect of verrucarin A dose on the impedimetrie responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PET, 
t PRR,
O DT,
9 CO are shown.
Each point is the mean of four replicates.
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Fig. 3.24 Effect of verrucarin A dose on the impedimetric responses of
H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PET,
▼ PRR,
O DT,
# CO are shown.
Each point is the mean of four replicates.
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to continuously hold back the rate of growth of cultures.
At doses of 0.062 jig ml'"1 and above roridin-A had an appreciably greater 
effect on the impedimetric responses of cultures than T-2 toxin. However at 
doses below this the effects of the two compounds were very similar. At the 
minimum dose used in the first run, 0.16 pg ml-1 , neither toxin had a great 
effect on the impedimetric responses of H. fabianii. therefore the effects of 
lower doses were not investigated. DAS was less toxic than T-2 toxin having a 
minimum effective dose of 0.062 pg ml-1 . In common with verrucarin A, DAS, 
roridin-A, and T-2 toxin all affected the PRR of H. fabianii. Thus it would 
appear that all of the compounds bind reversibly to their active sites within H. 
fabianii cells. It can be seen from Figs. 3.14, 3.19, 3.21, and 3.24 that the 
PRR’s are affected at lower toxin doses than the other parameters. Effects of 
agents on the PRR of cultures are less readily apparent than effects on PRT.
This is because the control PRR for H. fabianii under the conditions used is 
approximately 4.7 flips h-1 a 5.0 % deviation from the control value would 
result in a change of value of 0.23 flips h"1 such a change is only discernible 
under the closest of scrutiny, however as the control PRT is approximately 16 h 
a 5.0 % deviation from the control value would result in a change of value of 
46 min which is readily discernible from the printout. Thus if the Bactometer 
32 were to be used for routine analysis it may prove to be more prudent to use 
the PRT as the parameter of choice provided this does not result in too great a 
reduction in the sensitivity of the assay.
HT-2 toxin, T-2 tetraol, and T-2 triol all had slight effects on the 
impedimetric responses of H. fabianii however these effects appeared to be 
inversely related to dose (Figs. 3.16, 3.20, and 3.22). These effects were true 
for all the parameters recorded. The presence of toxins in sufficient quantities 
may trigger a defensive response in cells, possibly causing enzymes to be
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produced which may detoxify compounds rendering them less harmful. Such 
responses might not occur at low toxin doses therefore at these doses the 
toxins may effect growth to a greater extent than they do at levels where 
defence mechanisms are triggered. However this is only speculation and further 
studies would be required to test if this were true.
Fusarenon-x, neosolaniol, and nivalenol had slight effects on the 
impedimetric responses of H. fabianii however within the test dose range no 
clear trends could be seen relating dose with effect. DOF had little appreciable 
effect on the impedimetric responses of H, fabianii.
These results illustrate well the specificity of an organism's response to 
toxins. If DAS or DOF had been chosen as the main toxin to focus attention on 
it is likely that a different organism would have been selected as a result of 
the screening process.
3.10 STUDIES OB THE EFFECTS OF THE SOLVENT DDCETHYLSULPHOXIDE 
OB THE TOXICITY TO HABSEBULA FABIABII CBS 5640 
OF DEOXYNIVALEBOL AID T-2 TOXIB.
3.10.1 INTRODUCTION.
In the previous section it was shown that DON has relatively little effect 
on the growth of , ' ti.fabianii. As this compound is an important contaminant of
animal feedstuffs and has been implicated in several outbreaks of food 
poisoning in livestock (Pathre & Mirocha, 1977) it was considered useful to 
investigate further its effects on the impedimetric responses of M-fabianii. 
DON is relatively polar (Pathre & Mirocha, 1977) and it was thought that its 
apparent lack of toxicity to • ; H fabianii might be due to the molecule not 
being able to pass easily through the cell membranes of yeast cells. Therefore 
it was considered that using DKSO as a solvent may facilitate transport across 
cell membranes and thus render the compound toxic to ' Rfabianii. This might 
make DON detectable impedimetrically.
3.10.2 MATERIALS & METHODS.
The materials and methods used in this study are summarised in Table 3.26. 
The techniques involved are described more fully in section 3.2.
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Microorganism. Hansenula fabianii CBS 5640.
Medium. MBG.
Volume of unioculated medium. 0.4 ml.
Volume of inoculum. 0.2 ml.
Initial cell concentration 
in the wells.
1 x 10e cfu ml~'‘.
Toxin dose levels. 1.0- 0.015 pg ml"1.
Solvent. DMSO.
Incubation temperature. 32 *C.
Number of replicates. 4.
Test duration. 48 h.
Table 3.25 Summary of the materials and methods used in the studies on the 
effects of the solvent dimethylsulphoxide on the toxicity to 
Hansenula fabianii CBS 5640 of DON and T-2 toxin.
3.10.3 RESULTS & DISCUSSION.
The impedimetric responses of cultures dosed with DON were treated in the 
manner described in Section 3.9.3. Fig. 3.25 shows the impedimetric responses of 
H. fabianii when dosed with DON. It can be seen that the use of DMSO as a 
solvent does not result in a marked increase in the toxicity of DON (Figs. 3.15, 
and 3.27). Therefore it can be concluded that either DMSO does not facilitate 
transport of DON across cell membranes or that H. fabianii is not susceptible 
to its toxic effects.
The use of DMSO as the solvent for T-2 toxin resulted in the appearance of 
a secondary peak in the impedimetric response of H. fabianii (Fig. 3.26). It can 
be seen that the PRTs for both peaks increase dose dependently, while the PRRs 
decrease dose dependently. The extent to which T-2 toxin dose affected the PRT 
of the primary peak was discernibly reduced by the use of DMSO as the solvent,
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whereas its effect on the primary PRR was increased markedly. The effects of 
T-2 toxin dose on the characteristics of the secondary peak were even more 
marked, making it possible to detect the toxin more easily at the lower dose 
levels. It appears that the use of DMSO increases the sensitivity of 
Han, fabianii to T-2 toxin possibly by the solvent and the toxin acting 
synergistically. This effect might be useful if it could be incorporated into an 
assay system, however there was insufficient time to pursue this line of 
enquiry.
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Fig. 3.25 Effect of DON (dissolved in DMSO) dose dose on the impedimetric
responses of H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
■ PRT,
▼ PRR,
ODT,
• CO are shown.
Each point is the mean of four replicates.
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3.26 Effect of T-2 toxin (dissolved in DMSO) dose dose on the impeding 
responses of H. fabianii CBS 5640.
Toxin dose v the percentage of the control response for dosed 
samples.
The effect of toxin dose on the following parameters:
# 1st PRT,
■ 1st PRR,
O 2nd PRT,
□ 2nd PRR are shown.
Each point is the mean of four replicates.

PART 4.
STUDIES OF THE AKIFO ACID REQUIREMENTS 
OF HAHSEFULA FABIAN 11 CBS 5640.
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4.1 INTRODUCTION.
Earlier studies (Part 3) had shown that Hansenula fabianii CBS 5640 is 
extremely sensitive to the toxic effects of trichothecene mycotoxins. As this 
organism is relatively easy to handle it would appear to be particularly suited 
for use in studies investigating the mechanisms by which trichothecene 
mycotoxins exert their toxicity. At present these mechanisms are not fully 
understood. Previous studies have shown that trichothecene mycotoxins affect 
protein biosynthesis in eukaryotic cells (Ueno et al. 1968; McLaughlin et al. 
1977). Therefore it was considered that it might be useful to investigate the 
effects of trichothecenes on protein synthesis in Hansenula fabianii CBS 5640.
It was considered that the best way to do this would be to study the uptake and 
incorporation of radiolabelled amino acids by H. fabianii. To optimise 
conditions a single amino acid should be used, for which the organism would by 
preference be auxotrophic. It was thus essential to study the amino acid 
requirements of this strain of H. fabianii in order to find out whether it is 
auxotrophic for any particular amino acid. This was done using plates of a 
nitrogen free agar seeded with the test organism, different amino acids being 
supplied in wells cut into the agar, and microbial growth around the different 
wells observed.
4.2 MATERIALS & METHODS.
The materials used in this study are summarised in Table 4.1.
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Microorganism. Hansenula fabianii 5640.
Media. MBG, DMMB, DMMA,
Amino acids. L-alanine, L-arginine, L-asparagine,
L-aspartic acid, L-cystine, L-glutamic acid, 
L-glutamine, L-glycine, L-histidine,
L-isoleucine, L-leucine, L-lysine,
L-methionine, L-phenylalanine, L-proline, 
L-serine, L-threonine, L-tryptophan,
L-tyrosine, L-valine.
lable 4.1 Materials and methods used in the studies on the
Amino acid requirements ot  h. habianii CBb h64U.
H. fabianii was maintained as described in section 3.2. Experimental
cultures were prepared by subculturing material from stock slopes into MBG, the 
resulting cultures were incubated at 30°C for 48 h. Cultures were pelleted and 
resuspended in 4.5 ml of DMM broth. This process was repeated once and the 
resulting suspension diluted by a factor of 100 in DMMB to produce the final 
inoculum. DMMA agar plates were seeded with 0.5 ml of inoculum and left to dry 
for 30 min. Two wells, each 5 mm in diameter, were cut into each plate using
flamed cork borers. Each well was filled with an aqueous solution of one of the
amino acids (concentration 2.0 mg ml"'1), in addition certain wells were filled 
with a solution containing all of the amino acids (each at a concentration 2.0 
mg ml-1). The plates were incubated at 30*C for 48 h and examined for signs of 
growth around the wells. These tests were performed in duplicate.
4.3 RESULTS & DISCUSSION.
H. fabianii was found to grow only around wells containing either 
L-proline or L-glutamine. The width of the zones of growth around each well 
were measured. The zones around wells containing L-proline were 6 - 8  mm in 
width compared to 3 mm around wells containing L-glutamine only. In addition 
growth was much more vigourous around wells containing L-proline than it was 
around wells containing L-glutamine only. These results indicate that this 
strain of H. fabianii is auxotrophic for proline. The organism has a limited 
capacity to convert glutamine, which is the precursor of proline in the 
biosynthetic chain, to proline however it cannot sustain good growth using 
glutamine as the sole nitrogen source. Therefore proline could be used in 
radiolabelling studies on the effect of trichothecene mycotoxins on the uptake 
and incorporation of amino acids in H. fabianii CBS 5640.
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PART 5.
STUDIES OS THE EFFECT OF T-2 TOXIB OH THE INCORPORATION 
OF AKISO ACIDS BY HANSENULA FABIANII CBS 5640.
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5.1 GENERAL INTRODUCTION.
The major aim of this part of the project was to investigate the 
mechanisms by which trichothecene mycotoxins exert their toxic effects. Earlier 
studies (Uena et al. 1968; McLaughlin et al. 1977) had shown that trichothecenes 
disrupt protein biosynthesis in eukaryotic cells. In order to investigate the 
effect of trichothecene mycotoxins on protein biosynthesis in Hansenula fabianii 
CBS 5640, it was necessary to develop a method of monitoring the incorporation 
of amino acids by cells of this strain. It was thought that this could be done 
by following the fate of radiolabelled amino acids given to cells in their 
growth medium. It was established that H. fabianii is auxotrophic for the amino 
acid proline (Part 4). The use of radiolabelled proline as the sole source of 
nitrogen available to cells would therefore ensure maximum incorporation of 
traceable amino acids and increase the efficiency of monitoring the organism’s 
ability to synthesise proteins. The following programme was therefore drawn up 
with the aim of developing a system which could then be used to investigate the 
effects of trichothecenes on protein biosynthesis in H. fabianii:-
1) Establish the conditions for the growth of H. fabianii in a medium with
proline as the sole source of nitrogen.
2) Establish a method for studying the fate of radiolabelled amino acids
supplied to H. fabianii in its growth medium.
3) Study the effects of trichothecene mycotoxins on protein biosynthesis in
H. fabianii.
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5.2 STUDIES OH THE COHDITIOHS REQUIRED TO GROW HAHSEHULA FABIAHII CBS 5640 
IH A GROWTH MEDIUM COHTAIHIIG PROLIHE AS THE SOLE SOURCE OF HITROGEH.
5.2.1 INTRODUCTION.
In Part 4 of this project it was demonstrated that Hansenula fabianii 
CBS 5640 is auxotrophic for proline, the organism grew well on a solid medium 
(DM agar) in which the sole source of nitrogen was proline. In order to monitor 
protein biosynthesis in H. fabianii it was thought that the organism should be 
grown in a liquid medium in which the sole source of nitrogen would be 
radiolabelled proline. Therefore this preliminary study was made with the aim
of establishing the feasibility of growing El fabianii under such conditions.
5.2.2 MATERIALS & METHODS.
The materials used in this study are summarised in Table 5.1.
Microorganism. Hansenula fabianii CBS 5640.
Media. DMMB, MBG,, YCBP.
Table 5.1 Materials used in studies on the conditions required to grow
\ y
Hansenula fabianii CBS 5640 in a groqth medium containing 
proline as the sole source of carbon.
H. fabianii was maintained as described in section 3.2. Experimental 
cultures were prepared by subculturing material from stock slopes into MBG, the
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resulting cultures were incubated at 30*C for 48h. These cultures were pelleted 
and the pellets resuspended in 4.5 ml of DMB. This process was repeated once 
and the pellets resuspended in 4.5 ml of YCBP. The cell concentrations of the 
resulting suspensions were estimated using a haemocytometer slide, and the 
suspensions diluted with YCBP to adjust the cell concentrations to the required 
levels for the inoculation of experimental cultures. 250 ml conical flasks 
containing 49.0 ml of YCBP were inoculated with 1.0 ml of the freshly prepared 
suspensions to produce cultures with the following inoculum levels: 10, 10s, 103, 
and 10A cfu ml”1 • The flasks were capped with cotton wool plugs and loose 
fitting plastic caps and incubated at 30 X  to be shaken at 100 and 200 rpm for 
18 h. 1.0 ml samples were taken from each flask at hourly intervals starting 
from 18 h of incubation and ending at 24 h. Cell counts were made of each 
sample by means of haemocytometer slides and these results recorded. Each 
treatment was performed in duplicate.
5.2.3 RESULTS & DISCUSSION.
Microscopic examination of the samples taken from the flasks that had 
been shaken at 100 rpm showed that the cells had aggregated and had formed 
clumps of varying sizes. This was found to be the case for every sample taken 
from flasks shaken at this rate. In order to break up the clumps to enable cell 
counts to be made, samples were agitated briefly using a vortex mixer. Although 
this was successful in breaking up the clumps, it was found that the results 
obtained were erratic, with the counts obtained from duplicate samples showing 
a large degree of variation. The sampling problems caused by the aggregation of 
cells made it difficult to follow the growth of cultures in the treatments that 
were shaken at 100 rpm. These problems did not occur when cultures were shaken 
at 200 rpm. The cell counts of samples taken from these cultures are shown in
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Table 5.2. It can be seen that the treatments which had initial inoculum levels 
of 103 and 104 cfu ml"1 had already reached stationary phase before 18 h of 
incubation. The treatments which had an initial inoculum level of 1(P CFU ml"1 
appeared to be undergoing exponential growth during the sampling period, 
whereas those whose initial inoculum level was 10 cfu ml"1 were just 
approaching this phase of growth. Therefore it was concluded that the proposed 
radiolabelling studies could be done using YCBP as the culture medium and also 
that the initial inoculum level should be set at 103 and the cultures incubated 
at 30‘C while being shaken at a rate of 200 rpm.
SAKPLING . INITIAL CELL CONCENTRATION (cfu ml"1 ).
TIKE (h). _ 10 10:2 1Q: IQa
18 7.4 X 103 5.2 X 103 3.8 X 10* 4.3 X 10*
19 8.7 X 103 6.3 X 10s 4.1 X 10* 4.0 X 10*
20 8.1 X 103 7.2 X 10s 4.1 X 10* 4.2 X 10*
21 1.8 X 103 8.9 X 103 4.0 X 10* 4.2 X 10*
22 1.8 X 103 1.5 X 10* 4.3 X 10* 3.9 X 10*
23 2.3 X 103 4.6 X 10* 4.0 X 10* 4.0 X 10*
24 3.5 X 103 6.3 X 10s 4.0 X 10* 4.3 X 10*
Table 5.2 Growth of Hansenula fabianii CBS 5640 in liquid cultures shaken at 
200 RPK (Figures show the cell concentrations (cfu ml"1 )of samples 
taken at hourly intervals).
5.3 PRELIXIIARY STUDIES 05 THE I5C0RP0RATI05 OF 
RADIOLABELLED PRQLI5E BY HA5SE5ULA FABLA5II CBS 5640.
5.3.1 IHTRQDUCTIOH.
In order to study the effect of trichothecene mycotoxins on protein 
biosynthesis ' it was necessary to first establish effective experimental 
procedures. Therefore it was considered that a preliminary study was needed to 
determine the suitability of different types of scintillant and methods of 
protein extraction. In this study three types of extraction procedure and two 
types of scintillant were examined.
5.3.2. MATERIALS & METHODS.
The materials and methods used in these studies are summarised in Table
5.3.
- 2 0 1 -
Microorganism. Hansenula fabianii CBS 5640.
Initial inoculum level. 102 CFU ml"1.
Media. DMB, MBG, YCB, YCBP, YCBP1AC (0.01 mci ml"1), 
YCBP3H (0.5 mci ml”1).
Reagents. EDTA solution (0.1% w/v).
Sodium pyrophosphate solution (2% w/v).
Sodium hydroxide 1 N.
Trichloroacetic acid solution (5% & 20% w/v).
Table 5.3 cont.
Scintillants. Aqualuma.
PPQ/POPOP.
Toxin. T-2 toxin.
Toxin dose. 0.5 pg ml'"1.
Solvent. Dichloromethane/methanol (95: 5 v/v).
Number of replicates. 2.
Table 5.3 Materials and methods used in the preliminary studies on the 
incorporation of radiolabelled praline by 
Hansenula fabianii CBS 5640.
Inocula were prepared according to the method described in Section 5.2.2. 
250 ml conical flasks containing 49 ml YCBP were inoculated with 1.0 ml of 
freshly prepared inoculum to produce cultures with the desired initial inoculum 
level. The cultures were incubated at 30 'C in a shaking incubator at 200 rpm
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for 18 h. The resulting cell suspensions were centrifuged at 4,000 rpm for 20 
min and the pellets resuspended in YCB. This process was repeated once and the 
pellets were finally resuspended in conical flasks containing 50 ml of YCBP14C, 
and the cultures incubated in the shaking incubator as before. 1.0 ml samples 
were taken at intervals of 30 min or 1 h and stored in ice until required. After 
a 2 h incubation period in YCBP14C the cells were washed twice, as before, and 
finally resuspended in conical flasks containing 50 ml of toxin dosed or toxin 
free YCBP3H, to be incubated in the shaking incubator as before. In each 
experiment one pair of flasks was dosed with T-2 toxin to a concentration of 
0.5 mg ml-'1 and one pair left undosed as controls. The cultures were incubated 
for periods up to 25 h. 1.0 ml samples were taken at varying intervals over the 
incubation period and stored in ice until required. The samples taken were 
pelleted and the pellets resuspended in 1.0 ml of a solution of trichloroacetic- 
acid (20%, w/v) and EDTA (0.1%, w/v) and stored for 18 h at 4*C. The 
suspensions were then centifuged twice at 4,000 rpm for 20 min and the pellets 
resuspended in 1.0 ml of a solution of trichloroacetic acid (5%, w/v) and sodium 
pyrophosphate (2%, w/v). Depending on the experiment, samples were either 
injected directly into plastic scintillation vials containing 5 ml of scintillant 
or they were passed through Whatman GFC filters. The filters were washed twice 
with the resuspension solution, dried, and placed in scintillant, as above. In 
one experiment filter discs were digested in 1.0 ml of sodium hydroxide (IN) 
for 1 h prior to being added to the scintillant. The vials were stored at room 
temperature for 24 h before being analysed by scintillation counter (LKB Rack 
Beta). The procedures followed in each experiment are summarised in Table 5.4. 
Each treatment was studied in duplicate, and each experiment repeated once.
EXPERIMENT.
TREATMENT. 1 2  3 4 5
Scintillant. PPO/POPQP PPQ/POFQP PP0/P0P0P PP0/P0P0P,
AQUALUKA
AQUALUMA
Period of 
incubation 
in YCBP3H.
3h 25h 3h 3h 3h
Sampling
interval.
30 min Ih Ih lh lh
Use of Filters. + + + + + /-
NaOH filter 
digestion.
- - + /- - -
Table 5.4 Summary of the preliminary radiolabelling experiments.
5.3.3 RESULTS & DISCUSSION.
The results obtained from these studies are shown in Figs. 5.1 - 5.5. All 
of the Figs. show that the detection of 1AC, from samples, increased with time 
over the initial incubation period of 2h. A slow decline in the detection of laC 
was observed after the cultures were washed and the YCBP1*C replaced with 
YCBP3H. This would appear to indicate that 1AC labelled proline is progressively 
incorporated into cellular protein up to the point at which the cultures were 
washed and the medium changed. From this point onwards the decline in the 
detection of 1 aC appears to reflect a loss of 1idC labelled amino acid residues 
resulting from the turnover of materials within cells. Dosing with T-2 toxin 
did not appear to affect the loss of 1AC from samples so it seems that the 
toxin neither accelerates nor retards the breakdown of proteins by H. fabianii.
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Fig. 5.1. The effect of T-2 toxin (0.5 p.g ml-'1) on the uptake and incorporat 
of iAC and 3H proline in H. fabianii incubated at 30*C in YCBP1AC 
and YCBP3H with PPO/POPOP as scintillant (Experiment 1).
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1AC counts.
O Dosed 1AC counts 
Mean values of two experiments are shown.
C P M
D o s i n g
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1UUU _
1 52 3 4 6G
T i m e  ( h ) .
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The effect of T-2 toxin (0.5 pg ml'"1) on the uptake and incorporai 
of 1 *C and 3H proline in H. fabianii incubated at 30 *C in YCBP1A( 
and YCBP3H with PP0/P0P0P as scintillant (Experiment 2).
Key.
■ Control 3H counts.
• Dosed 3K counts.
□ Control 1 AC counts.
O Dosed 1AC counts 
Mean values of two experiments are shown.
C P M
D o s i n g4000 _
3000"
2000 -
100U “
2722 23 24 25 262 3 4 50 1
T i m e  ( h ) .
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Fig. 5.3. The effect of T-2 toxin (0.5 pig ml”1 ) on the uptake and incorpora' 
of IAC and 3H proline in H. fabianii incubated at 30 °C in YCEP'IA| 
and YCBP:3H. Plots compare the effects of the use of HaOH digesti 
collection filters with those of the use of untreated filters on 
detection of the presence of 1AC and 3H in samples with PPO/POPC 
scintillant (Experiment 3). .
Key.
■Control 3H counts.
• Dosed 3H counts.
□ Control 1 AC counts.
O Dosed 1AC counts
UaOH Treated samples.
♦ Control 3H counts.
▼ Dosed NaOH 3H counts.
OControl 1 AC counts.
VDosed 1AC counts 
Mean values of two experiments are shown.
C P M
D o s i n g4000
3000
2000
1000
0
U 1 2
T i m e  ( h ) .
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Fig. 5.4. The effect of T-2 toxin (0.5 pg ml”'1) on the uptake and incorpora' 
of 1AC and 3H proline in H. fabianii incubated at 30 *C in YCBP1Ai 
and YCBP3H. Plots compare the effects of the scintillants PPO/PD3 
and aqualuma on the detection of the presence of 1AC and 3H in 
samples (Experiment 4).
Key.
PPO/POPGF as scintillant.
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1 AC counts.
ODosed 1AC counts
Aqualuma as scintillant.
♦ Control 3H counts.
t Dosed :-’H counts.
<>Control 1AC counts.
vDosed 1AC counts 
Kean values of two experiments are shown.
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30000-
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2 30 1
T i m e  ( h j
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The effect of T-2 toxin (0.5 pg ml"1) on the uptake and incorporat 
of 1 dC and 3H proline in H. fabianii incubated at 30'C in YCBPWiC 
and YCBP-H. Plots compare the effects of direct injection of prote 
extracts into scintillant (aqualuma) with those of the use of 
collection filters on the detection of the presence of 1,ttC and 3H 
samples.
Key.
Filtered samples
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1 AC counts.
ODosed 1AC counts
Unfiltered samples.
♦ Control 3H counts.
▼ Dosed 3H counts.
OControl 1 AC counts, 
v Dosed 1 counts
Mean values of two experiments are shown.
CPM
D o s i n g
4000
3000
2UU0
1UUU
U
6532
T i m e  I h  ) .
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The level of 3H detected in samples taken from undosed cultures increased 
linearly with the time of sampling over the first three hours of incubation in 
YCBP3H (Figs, 5.1 - 5.5). Less 3H was detected in the equivalent samples taken 
from T-2 toxin dosed cultures. The level of 3H detected in these samples 
increased gradually over the first three hours of incubation, the rate of 
increase rising until it appeared to be approaching that observed for the 
undosed cultures. These results suggest that 3H labelled proline is 
progressively incorporated into the cellular protein of samples, taken from 
control cultures, at a consistant rate during the first three hours of 
incubation in YCBP3H. During this period T-2 toxin appeared to retard the 
uptake and incorporation of proline by cells. The levels of 3H detected in 
samples taken in the first three hours of incubation and also after 20 - 25 h 
of incubation in YCBP3H are shown in Fig. 5.2. It can be seen from the plots 
drawn that the rate of increase in the levels of 3H in samples from both dosed 
and undosed cultures had already started to fall off after 20 h of incubation. 
The plot obtained for the dosed cultures indicates that they are able to recover 
from the initial retardation in proline incorporation caused by T-2 toxin and 
to reach levels of incorporation approaching those of undosed cultures.
The effect of digesting collection filters in laOH (II) on the detection of 
radiolabels is shown in Fig. 5.3. Proteins extracted from samples were collected 
on Whatman GFC filters. These filters were first air dried and then either 
placed directly in vials containing scintillant or were digested for 1 h in 
laOH (II) before being added to the scintillant. It can be seen from Fig. 5.3 
that for each equivalent treatment lower counts were obtained from samples 
which had been subject to laOH digestion, eg the 3H count for the final undosed 
sample was 1650 cpm for the undigested extract compared to 1040 cpm for the 
digested extract and for the final dosed samples the counts were 1980 cpm for
- 2 1 0 -
the undigested extract compared to 640 cpm for the digested extract. Both 1/3C 
and 3H counts were appreciably lower in digested samples. The observed 
depression in the counts from these samples was not sufficient to obscure the 
effects of T-2 toxin on the incorporation of radiolabelled proline in 
H. fabianii. However it was apparent that the treatment of samples with NaOK 
reduced the sensitivity of the system and was therefore considered unsuitable 
for use in future studies.
The effects of using different scintillant cocktails on the detection of 
lAC and 3H are shown in Fig 5.4. The type of scintillant used did not appear to 
affect the form of the curve produced for any of the treatments. However the 
counts obtained for both 1AC and 3H from equivalent samples were consistantly 
higher when Aqualuma was used as the scintillant eg the 3H counts for the final 
samples analysed in Aqualuma were 2420 cpm for the undosed treatment and 1640 
cpm for the dosed compared to 1960 cpm and 1020 cpm for the equivalent 
treatments analysed in PP0/P0P0P. Therefore it was concluded that the 
sensitivity of the system would be improved by the replacement of PPQ/POPQP, as 
the scintillant, with Aqualuma.
The necessity of the filtration step was tested by comparing the detection 
of radiolabels from extracts collected on filters with that from extracts added 
directly to scintillant without being filtered. The results are shown in Fig 5.5. 
The counts obtained from filtered extracts were lower than their equivalents 
from unfiltered extracts. These differences were slight where counts were 
relatively low, as shown by the curves tracing the levels of 1AC in cultures, 
but they increased as the levels of recovered radiolabel in samples rose. This 
is most clearly shown by the divergence of the curves tracing the levels of 3H 
in filtered and unfiltered extracts taken from undosed cultures. The 3H counts 
for the final samples were; 3020 cpm for the unfiltered sample compared to 2340
- 2 1 1 -
cpm for the filtered sample. The curves tracing the levels of 3H ih dosed 
cultures also diverge but this is less obvious because the counts obtained from 
these samples were relatively low. Thus it would appear either that the presence 
of the filter discs reduces the counting efficiency of the system or that some 
of the labelled material passes through the filters. It was therefore concluded 
that the filtration of extracts reduced the sensitivity of the system and so in 
future experiments this step would be omitted.
5.4 STUDIES OS THE EFFECTS OF T-2 TOXIH OS THE 
ISCORPORATIQB OF AXISO ACIDS BY HABSESULA FABIASII CBS5640.
5.4.1 INTRODUCTION.
The effects of T-2 toxin on protein biosynthesis in H. fabianii were 
investigated using the methods developed in Section 5.2 and 5.3.
5.4.2 MATERIALS & METHODS.
Inocula were prepared according to the method described in Section 5.2.2. 
The method used in these studies followed the procedure described in Section
5.3.2 in which extracts were added directly to scintillant (Aqualuma), avoiding 
the use of collection filters. The materials and methods used are summarised in 
Table 5.5.
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Microorganism. Hansenula fabianii CBS 5640.
Initial inoculum level. 10- CFU ml"1.
Media. DMB, MBG, YCB, YCBP, YCBP1AC (0.01 mci ml"1), 
YCBP3H (0.5 mci ml"1).
Reagents. EDTA solution (0.1% w/v).
Sodium pyrophosphate solution (2% w/v). 
Sodium hydroxide 1 N.
Trichloroacetic acid solution (5% & 20% w/v).
Scintillant. Aqualuma.
Toxin. T-2 toxin.
Toxin dose. 0.5 pg ml"1.
Solvent. Dichloromethane/methanol (95: 5 v/v).
Sampling interval 30 min or 1 h.
(YCBP14C phase).
Sampling period 
(YCBP'1 phase).
2 h or 5 h.
Sampling interval 15 min, 30 min or 1 ,h.
(YCBP-K phase).
Sampling period 46 h.
(YCBP3H phase).
Number of replicates. 2.
Table 5.5 Materials and methods used in studies on the effects of T-2 toxin
on the incorporation of amino acid by Hansenula fabianii CBS 5640.
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5.4.3 RESULTS & DISCUSSION.
The results of these experiments are shown in Figs. 5.6 - 5.12. The plots 
trace the effects of T-2 toxin, given at a dose of 0.5 pg ml"1 , on the 
incorporation of radiolabelled proline in H. fabianii cultures over a period of 
46 h. It can be seen that the level of 14C in samples rose steadily during the 
period in which cultures were incubated in YCBP'^C, and declined slowly after 
the YCBP1AC was replaced with YCBP3H. The decline in the levels of 14C during 
the second incubation phase reflects the loss of amino acid residues caused by 
the normal turnover of materials in stationary phase cells. T-2 toxin did not 
affect the levels of 1AC detected in samples therefore it neither accelerates 
nor retards the breakdown of proteins in cells.
The plots showing the levels of 3H detected in samples taken from undosed 
cultures (Figs. 5.6 - 5.12) indicate that the rate of increase in the 
incorporation of 3H labelled proline is highest during the first 3 h of 
incubation in YCBP3H. The gradient of the curve starts to decline before 12 h of 
incubation and continues to decline until a plateau is reached 24 - 36 h after 
the change of medium.
The explanation seems to be that when the cultures are initially 
incubated in YCBP3H none of the protein contains any 3H, thus the normal 
turnover of proteins results in unlabelled and 1‘clC labelled amino acids in cells 
being replaced with 3H labelled amino acids. Eventually this turnover causes 3H 
labelled material to be lost from cells, this loss of 3K labelled residues has 
the effect of arresting the initially high rate of increase in the level of 3H 
detected in samples.
The plots obtained for T-2 toxin dosed cultures were sigmoidal. The rate 
of increase in the detection of 3H in samples rose gradually during the first 
3 h of incubation to approach the maximum rate attained by undosed samples.
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Fig. 5.6. The effect of T-2 toxin (0.5 jig ml"1) on the uptake and incorpor 
of radiolabelled proline in H. fabianii. incubated at 30‘C in 
YCBP1/5C and YCBF3H. Sampling period 5.5 h after dosing.
Key.
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1AC counts.
P Dosed 1AC counts
Mean values of two experiments are shown.
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The effect of T-2 toxin (0.5 pg ml"1) on the uptake and incorpora 
of radiolabelled proline in H. fabianii. incubated at 30*C in 
YCBP1/5C and YCBP3H. Sampling period 22 h after dosing.
Key.
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1 AC counts.
O Dosed 1AC counts
Mean values of two experiments are shown.
3 M  D o s i n g
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Fig. 5.8. The effect of T-2 toxin (0.5 fig ml"1) on the uptake and incorporat 
of radiolabelled proline in H. fabianii. incubated at 30*0 in 
YCBP14C and YCBP3H. Sampling period 22 - 25 h after dosing.
Key.
■ Control 3H counts.
-• Dosed 3H counts.
D Control 14C counts.
O Dosed 1AC counts
Mean values of two experiments are shown.
30U0
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Time (h)
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The effect of T-2 toxin (0.5 pg ml-1) on the uptake and incorporaJ 
of radiolabelled proline in-H. fabia.nii. incubated at 30"C in 
- lfCBP3H. Sampling period 2.75 h after dosing.
Key.
■ Control H counts.
# Dosed ,3*H counts
Mean values of two experiments are shown.
CPM
2000 H
1500 _J
1000 H
T i m e  ( h j
-219-
Fig. 5.10. The effect nf T-2 toxin (0.5 jig ml"1 ) on the uptake and incorpora
of radiolabelled proline in H. fabianii. incubated at 30X  in
YCBP1‘aC and YCBP3H. Sampling period 12 - 17 h after dosing.
Key.
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1 AC counts.
O Dosed 1AC counts
Mean values of two experiments are shown.
CPM
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2000 -
1000
1 3 17 18? 6 21 22
Time (h).
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Fig. 5.11. The effect of T-2 toxin (0.5 pg ml-1) on the uptake and incorporatioi 
of radiolabelled proline in H. fabianii. incubated at 30 *C in 
YCBP1AC and YCBP3H. Sampling period 19 - 24 and 43 - 46 h after 
dosing.
Key.
■ Control 3H counts.
• Dosed 3H counts.
□ Control 1 ^ C counts.
O Dosed 1AC counts
Hean values of two experiments are shown.
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Time (h).
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Fig. 5.12 The effect of T-Z toxin (0.5 pg mi*1 ) on the incorporation 
of radiolabelled proline in H. fabianii, incubated at 30°C 
in YUBPl^L* and YCBP 3h .
Experiment 7 . Sampling period upto 6h after dosing.
■ Control counts.
• Dosed counts.
□Control14 C counts.
.. . 14ODosed L counts.
CPM
Dosing.
5000 „
4000 •
3000 -
2000  *
1000 .
30 21 65
T i m e  ( h j .
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A plateau was reached marking the maximum level of 3H detected in samples
24 - 36 h after dosing. The maximum 3H count for samples taken from dosed
cultures was 93.3 % of that recorded for samples taken from undosed cultures,
(3900cpm and 4180 cpm respectively (Fig. 5.10)). Therefore it appears that at a
concentration of 0.5 pg ml"'1 T-2 toxin is able to delay protein biosynthesis
in H. fabianii initially although cultures recovered from the effects of the
toxin after 2 - 3 h and then proceeded to incorporate proline into cellular
protein at levels approaching those of undosed cultures. The presence of the
toxin initially stopped protein biosynthesis and slightly reduced the maximum
level of amino acid incorporation. Therefore it was possible to detect the 
of
influence^T-2 toxin at any point after dosing because dosed cultures always had 
less 3H incorporated into cells at any given time.
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5.5 STUDIES OH THE EFFECT OF TRICHOTHECEHE DOSE OH THE 
IHCORPORATIOH OF AMINO ACIDS BY HAHSEHULA FAB I AH II CBS5640.
5.5.1 INTRODUCTION.
T-2 toxin was found to disrupt protein biosynthesis in H. fabianii at the 
dose level of 0.5 pg ml'"1 (Section 5.4). To determine the sensitivity of this 
organism to T-2 toxin, dose response studies were carried out, toxin dose levels 
were reduced until no effect on proline incorporation could be detected. The 
sensitivity of this strain to verrucarin A was also investigated using the same 
methods.
5.5.2 MATERIALS & METHODS.
Inocula were prepared according to the method described in Section 5.2.2. 
The methods used in these studies were based on the procedure described in 
Section 5.3.2 in which extracts were added directly to scintillant (Aqualuma), 
avoiding the use of collection filters. In these studies the step in which 
cultures were incubated in was omitted, cultures were exposed to either
T-2 toxin or verrucarin A and a range of toxin dose levels was used. Two series 
of experiments were run for each toxin with overlapping dose ranges. The 
materials and methods used are summarised in Table 5.6.
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Microorganism. Hansenuia fabianii CBS 5640.
Initial inoculum level. 103 CFU ml-1.
Media. DMB, KBG, YCB, YCBP, YCBP3H <0.5 mci ml-"1).
Reagents. EDTA solution (0.1% w/v).
Sodium pyrophosphate solution (2% w/v). 
Sodium hydroxide IN.
Trichloroacetic acid solution (5% & 20% w/v).
Scintillant. Aqualuma.
Toxins. T-2 toxin and verrucarin A.
Toxin dose. Range 1. 0.5, 0.25, 0.125, 0.0625 and 0.0 pg ml"-1.
Range 2. 0.05, 0.025, 0.0125, 0.00625 and 0.0 pg ml"'1 .
Solvent. Dichloromethane/methanol (95: 5 v/v).
Sampling time. 1,3,6,24 h.
Sampling period 24 h.
Number of replicates. 2.
Table 5.6 Materials and methods used in studies on the effect of 
trichothecenes on the incorporation of amino acids by 
Hansenuia fabianii CBS 5640.
5.5.2 RESULTS & DISCUSSION.
The results of this series of experiments are shown in Figs. 5.13 - 5.20. 
The results of each experiment are plotted in two ways: 1) 3H count verses 
period of incubation for each dose level, 2) 3H count verses T-2 toxin dose for 
each sampling time.
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Fig. 5.13. The effect of T-2 toxin dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30°C in 
YCBP3H. 3H count plotted against time of sampling for T-2 toxin 
dose levels 0.5 - 0.0625 pg ml-1 .
Key.
T-2 toxin dose pg ml"1.
■ Control.
#0.0625 
00.125 
▼ 0.250 
v0.50
Mean values of two experiments are shown.
Time 
(h).
oo o
_JL_
0
1
CD
_1_
CD *
hO
o
0
ro
- 226 -
Fig. 5.14. The effect of T-2 toxin dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii, incubated at 30*C in 
YCBP3H. 3H count plotted against time of sampling for T-2 toxin 
dose levels 0.05 - 0.00625 pg ml-1.
Key.
T-2 toxin dose pg ml-1.
■ Control.
• 0.00625 
O 0.0125 
▼ 0.0250 
v 0.050
Mean values of two experiments are shown.
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Fig. 5.15. The effect of T-2 toxin dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30"C in 
YCBP3H. 3H count plotted against T-2 toxin dose (dose levels 
0.5 - 0.0625 pg ml"1-1.
Key.
Sampling time h.
■ 1 
• 3
O 6
▼24
Mean values of two experiments are shown.
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Fig. 5.16. The effect of T-2 toxin dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30*C in 
YCBP3H. 3H count plotted against T-2 toxin dose (dose levels 
0» 05 - 0.00625 pg ml”13.
Key.
Sampling time h.
■ 1 
• 3
O 5
v 24
Kean values of two experiments are shown.
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Fig. 5.17. The effect of verrucarin A dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30eC in 
YCBP3H. 3H count plotted against time of sampling for verrucarin A 
dose levels 0.5 - 0.0625 pg ml-1 .
Key.
Verrucarin A dose pg ml'”1 ,
■ Control.
• 0.0625 
0 0.125 
T 0.250 
v 0.50
Kean values of two experiments are shown.
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Fig. 5.18. The effect of verrucarin A dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30"C in 
YCBP3H. :-'H count plotted against time of sampling for verrucarin A 
dose levels 0.05 - 0.00625 pg ml-1 .
Key.
Verrucarin A dose pg ml'”'1 .
• Control.
■ 0.00625 
O 0.0125 
▼ 0.0250 
v 0.050
Kean values of two experiments are shown.
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Fig. 5J9. The effect nf verrucarin A dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30*C in 
YCBP3H. 3H count plotted against verrucarin A dose (dose levels 
0.5 - 0.0625 pg ml"1 \
Key.
Sampling time h.
■ 1 
• 3
O 6
▼ 24
Kean values of two experiments are shown.
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Fig. 5.20. The effect of verrucarin A dose on the uptake and incorporation 
of radiolabelled proline in H. fabianii. incubated at 30°C in 
YCBP3H. 3H count plotted against verrucarin A dose (dose lbvels 
0.05 - 0.00625 fig ml”'1 
Key.
Sampling time h.
■ 1 
• 3
O 6
▼ 24
Kean values of two experiments are shown.
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A dose dependent reduction was observed in the level of proline 
incorporation in H. fabianii as a result of dosing with T-2 toxin 
(Figs. 5.12 - 5.19). The levels of 3H labelled proline incorporation by samples 
was relatively low 1 h after dosing, therefore the effects of the toxin were 
concealed to a certain extent. Disruption of proline incorporation was most 
apparent in samples taken 3 h after dosing. This confirmed observations in 
previous sections (Sections 5.3.3 and 5.4.3) it was seen that in the first 3 h 
of incubation undosed cultures rapidly incorporate 3H labelled proline into 
cellular protein whereas in this period the toxin retards amino acid 
incorporation. After the first 3h cultures recovered from this to take up 3H 
labelled proline at rates approaching those of control cultures. Therefore the 
effects of the toxin would be expected to be most marked approximately 3 h 
after dosing. Recovery of the capacity of dosed cultures to incorporate proline 
was observed in samples taken 6 and 24 h after dosing (Fig 5.13). The limit of 
detection for T-2 toxin using this method is 0.025 pg ml""1 (Figs. 5.14 and 
5.16).
Verrucarin A had a greater effect on the incorporation of 3H labelled 
proline than T-2 toxin. In the higher dose range levels of 3H detected in 
samples increased in the first 3 h of incubation however all of the dosed 
cultures lost 3H labelled material 3 - 6 h after dosing (Fig. 5.17), Loss of 
radiolabelled material is probably due to continued protein turnover in the 
absence of synthesis. However it is possible that some protein is lost through 
cells becoming ’leaky’. Various workers have noted that cells exposed to 
trichothecenes show an increase in lysosymes and degradative enzymes (Ueno, 
1977;Lafarge-Frayssinet et al.. 1981) therefore it is possible that cellular 
breakdown is occurring causing cells to lose their integrity. It is likely that 
loss of 3H results from a combination of these two effects. Samples from the
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culture with the highest verrucarin A dose, 0.5 pg ml-1• continued to show 
decreased 3H counts after 24 h, the other cultures appeared to start to take up 
3H labelled proline 6 - 24 h after dosing. In the lower dose range the toxin 
did not cause 3H labelled proline to be lost at any point, however it did reduce 
the level of incorporation of 3H labelled proline at doses of 0.0125 pg ml""1 
and above (Fig. 5.18). Therefore the no effect level for verrucarin A using this 
method is 0.0125 pg ml'1 .
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PART 6.
GERERAL DISCUSSIOH.
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It was initially envisaged that impedimetry would be used solely as a 
means of rapidly assessing the sensitivity of microorganisms to trichothecene 
mycotoxins during the screening stage of this project. As the Bactometer 32 had 
been mainly used for microbial enumeration, its potential as an analytical tool 
for assaying inhibitory compounds had not been adequately evaluated, therefore 
its suitability for the task at hand had first to be established. The potential 
of the Bactometer for detecting low levels of inhibitory compounds began to 
emerge during the early stages of its assessment. It was found that impedimetry 
was a more sensitive means of detecting the antibiotics chloramphenicol and 
griseofulvin than disc diffusion tests when both bioassays used the same test 
microorganisms (Section 3.4.3). This is because the Bactometer 32 monitors 
microbial metabolism, as such it should be possible to detect the presence of 
agents that affect microbial physiology using impedimetry, even if they have no 
effect on overall growth at low dose levels.
The sensitivity of the impedimetric technique was confirmed during the 
screening stage. The growth patterns of many microorganisms were found to be 
profoundly affected by the presence of T-2 toxin at the dose level of
1.0 pg ml'"'1 or 0.5 pg test”1. These findings suggested that it may be possible 
to use the impedimetric technique for assaying trichothecenes and not just as a 
rapid method useful for speeding up the screening process. Indeed this was 
borne out by the dose response studies (Section 3.8). Using 4 m t4fabianii it is 
possible to detect T-2 toxin at levels as low as 0.012 pg ml"1 or 0.48 ng test"^ 
This level of sensitivity compares favourably with those of other bioassays.
Schappert & Khachatourians (1984) developed a disc diffusion assay using 
the yeast Kluvveromyces fragilis. The lower limit of detection using this method 
was 0.2 pg for T-2 toxin. Stone,.Rubidge and Macdonald (1986) using sensitive 
strains of Rhodotorula rubra were able to detect T-2 toxins at a level of 19 ng
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in a disc diffusion assay. Impedimetric techniques can be used to detect growth 
inhibition at levels below those that could be expected to be discernible using 
disc diffusion assays for the reasons cited above.
In addition to its sensitivity this technique is relatively rapid. The 
preparation time is less than 1 h and the analysis time is less than 15 h. This 
is considerably shorter than 48 h for the extremely sensitive tissue culture 
technique developed by Robb & Rorval (1983) which has a stated detection limit 
of 0.01 ng, although several workers have not been able to achieve this level of 
sensitivity. Thus the limit of detection for T-2 toxin may be as high as
25.0 ng ml"1 (Dr. M. J. Shepherd, personal communication). Furthermore tissue 
culture techniques are technically more demanding to operate than impedimetric 
techniques. This is certainly true of the rapid tissue culture method of 
Thompson & Vannemacher (1984) which can produce results in 6 h while having a 
detection limit in the nanogram range.
Immunoassay techniques offer potentially very sensitive methods of 
analysis. Fontelo et al (1983) detect T-2 toxin at quantities of 1.0 ng assay"1. 
However this method, as well as the enzyme linked immunosorbent assay (ELISA), 
requires specific toxin antibodies. At present the appropriate antibodies are in 
short supply, perhaps because trichothecenes have immunosuppressent properties. 
Ideally antibodies are required that react with more than one trichothecene. 
Until these problems are resolved it will not be possible to use immunoassays 
as routine methods for detecting and quantifying trichothecene mycotoxins.
The results obtained from the radiolabelling studies show that both T-2 
toxin and verrucarin A reduce amino acid incorporation in H. fabianii. The no 
effect levels were 0.025 pg ml"1 for T-2 toxin and 0.0125 pg ml"1 for 
verrucarin A. Although these no effect levels are higher than those obtained for 
the impedimetric assay it may be possible to increase the sensitivity of this
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system with some more work. These studies clearly show that trichothecenes 
disrupt protein synthesis in H. fabianii, however it is not clear why this 
species is so sensitive. Are its enzymes more susceptible to trichothecene 
inhibition than those of other organisms? or are its cells more permeable to 
the toxins? Further study is required to answer these questions. It is possible 
that a sensitive enzyme assay system could be developed if work was continued 
in this area.
It is clear that the impedimetric bioassay for trichothecene mycotoxins 
using H. fabianii shows a great deal of promise. However this method, in common 
with all the bioassays mentioned above, has only been used to assay pure toxin 
preparations and so further work would be required before this method could be 
used for the routine analysis of trichothecene contaminated material. In 
particular, the effect of trace amounts of solvents on the sensitivity of this 
bioassay system indicates that low levels of other small molecules in samples 
might interfere, necessitating extensive clean-up. This problem is one that 
needs to be resolved for all trichothecene bioassay methods at present being 
developed. Useful bioassays should involve minimal sample preparation as well 
as being rapid and sensitive. The impedimetric bioassay developed for 
trichothecene mycotoxins using H. fabianii is sensitive, reproducible, rapid, 
relatively cheap and easy to use and would therefore be of great use provided 
it proves possible to prepare samples efficiently using simple techniques.
These investigations demonstrate clearly that impedimetric techniques can 
be used successfully to detect the presence of chemical agents. Provided 
sensitive organisms and suitable media can be found it should be possible to 
use impedimetry for the assaying of many types of agents such as antibiotics, 
mycotoxins, bacterial and plant toxins, pesticides, preservatives, environmental 
contaminants, etc.. In many cases microbial bioassays already exist and
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sensitive microorganisms have been identified, therefore in these cases it may 
be possible to develop a more sensitive bioassay by using impedimetric 
techniques in the place of agar plate methods. Such a task would be relatively 
simple as the need to find sensitive organisms would not be necessary.
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TABLE OF MATERIALS, SOURCES AND ABBREVIATIONS.
CQlPpPUnd,.- Source..
Chloramphenicol 
Griseofulvin 
Deoxynivalenol 
Diacetoxysc irpenol
Fusarenon X
Neosolaniol
Nivalenol
Roridin A
T-2 tetraol
T-2 toxin
T-2 triol
Verrucarin A
Fructose
Sigma
Sigma
Mycolab, Missouri, USA
Cambridge Research
Biochemicals
MAFF Food Science Laboratory 
Norwich
MAFF Food Science Laboratory 
Norwich
Cambridge Research 
Biochemicals 
Cambridge Research 
Biochemicals
MAFF Food Science Laboratory 
Norwich
Sigma and Cambridge Research 
Biochemicals
MAFF Food Science Laboratory 
Norwich
Cambridge Research 
Biochemicals 
BDH Analar.
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Abbreviation_.
DON
DAS
Compound, Source. Abbreviation.
Galactose
Glucose
Glycerol
Lactose
Maltose
L-alanine
L-arginine
L-aspartic acid
L-cystine
L-glutamic acid
L-glycine
L-histidine
L-isoleucine
L-leucine
L-lysine
L-methionine
L-phenylalanine
L-proline
L-serine
L-threonine
L-tryptophan
L-tyrosine
L-valine
''AC L-proline O.OlpiCipl"1 
3H L-proline 0.50/jiCipl"'1
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
Amersham International 
Amersham International 
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Compound. Sonr c p . Abbreviation
Ammonium sulphate 
Ethylenediamine tetra 
acetate (dipotassium salt) 
Dipotassium hydrogen 
phosphate 
Magnesium sulphate 
Potassium hydrogen 
phosphate 
Sodium citrate 
Sodium hydroxide 
Sodium pyrophosphate 
Trichloroacetic acid 
Dichlorpmethane 
Methanol
Dimethylsulphoxide
Toluene
Aqualuma
1-4 Di-2 (5phenyloxazoyl) 
Benzene
2,4 Diphenyl oxazole
BDH Analar. 
BDH Analar.
BDH Analar.
BDH Analar. 
BDH Analar.
BDH Analar. 
BDH Analar. 
BDH Analar. 
BDH Analar. 
BDH Analar. 
BDH Analar. 
BDH Analar. 
BDH Analar. 
LKB
BDH Scintran 
BDH Scintran
EDTA
POPOP
PPO
Medium/Recipe.. Source. Abbreviation.
Brain Heart Infusion Agar Oxoid BHIA
47gl"1, pH 6.6
Brain Heart Infusion Broth Oxoid
37gl~'\ pH 6.6 
Halt Extract Agar 
supplemented with 2% glucose 
20gl~'' malt extract agar Oxoid
pH 5.5
BHIB
HAG
Halt Extract Broth, 
supplemented with 2% glucose
20gl"''‘ , malt extract
pH 5.5
KBG
Oxoid
Halt Extract Agar HAM
supplemented with 2% maltose 
20gl"1 malt extract agar Oxoid
pH 5.5
Halt Extract Broth. KBM
supplemented with 2% maltose
20gl“1, malt extract Oxoid
pH 5.5
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Medium/Recipe. SQUEgfix .Abbreviation ,
Nutrient Agar Oxoid
Nutrient Broth Oxoid
Recommended Yeast Medium 
Yeast carbon base 22gl~1, 
Ammonium Sulphate 3gl_1, 
L-histidine Qmgl-1,
DL-methionine 18mgl-1, 
DL-tryptophan 18mgl-1, 
pH 6.6
Yeast Extract Agar 
Agl-1, pH 6.6 Oxoid
Yeast Extract Broth 
4gl"\ pH 6.6 Oxoid
Yeast Extract Peptone Broth 
Yeast extract 2gl“1,
Peptone 2gl“1, BDH Analar.
Glucose 2gl”1, BDH Analar.
pH 5.5
Davis Mangioli Medium 
0.4 g Ammonium sulphate
2.8 g Dipotassium hydrogen 
phosphate 
0.04 g Magnesium sulphate
1.2 g Potassium hydrogen 
phosphate 
0.188 Sodium citrate 
0.56g Glucose BDH Analar.
1 1 Distilled water.
NA
MB
RYM 
Difco YCB 
BDH Analar. 
BDH Analar, 
BDH Analar. 
BDH Analar.
YEA
YEB
YEPB
Oxoid
DMM 
BDH Analar. 
BDH Analar.
BDH Analar, 
BDH Analar.
BDH Analar.
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Medium/Recipe.. . S o u r c e , Abbreviation.
Nutrient Agar
Nutrient Broth
Recommended Yeast Medium 
Yeast carbon base 22gl~1, 
Ammonium Sulphate 3gl“1, 
L-histidine Qmgl"1, 
DL-methionine 18mgl"-', 
DL-tryptophan 18mgl~', 
pH 6.6
Yeast Extract Agar 
4gl”1, pH 6.6
Yeast Extract Broth 
4gl'"1 , pH 6.6
Yeast Extract Peptone Broth 
Yeast extract 2gl~1,
Peptone 2gl”1,
Glucose 2gT-1 , 
pH 5.5
Davis Mangioli Medium 
0.4 g Ammonium sulphate
2.8 g Dipotassium hydrogen 
phosphate 
0.04 g Magnesium sulphate
1.2 g Potassium hydrogen 
phosphate 
0.188 Sodium citrate 
0.56g Glucose 
1 1 Distilled water.
Oxoid NA
Oxoid NB
RYM
Difco YCB
BDH Analar.
BDH Analar.
BDH Analar.
BDH Analar.
YEA
Oxoid
YEB
Oxoid
Oxoid
BDH Analar. 
BDH Analar.
BDH Analar. 
BDH Analar,
BDH Analar, 
BDH Analar.
BDH Analar. 
BDH Analar.
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ftbhrpviati mr=;
Cul+tlTO Rpitrroc
AT CO 
BGA
antibiotic testing 
CBS
Netherlands.
FMBRA
U,K..
IK I 
MNT 
KPFSL
Laboratories, U.K.
UOE
UOK
UOS
VH
Abbreviations.
Impedimetric Terms.
CO
DT
PRR
PRT
Miscellaneous Terms.
CFU
NEL
A men'can Collection of Type Cultures. 
Bundesgesundheitheitsant (Strain used in
Corry et al.. 1983).
Centraalsbureau voor Schimmelculture, Delft,
Flour, Milling and Baking Research Association,
Commonwealth Mycological Institute, Kew, U.K. 
Marasas, Nelson & Toussoun (1984).
Metropolitan Police Forensic Science
University of Exeter, U,K..
University of Minnesota, U.S.A.
University of Surrey, U.K..
Westminster Hospital, U.K.
Cross over time. 
Detection time.
Peak response rate. 
Peak response time.
Colony forming unit. 
No Effect level.
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